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ABSTRACT 
SURFICIAL GEOLOGY OFTHE SMITHFIELD 
QUADRANGLE,CACHECOUNTY,UTAH 
by 
Michael V. Lowe, Master of Science 
Utah State University, 1987 
Major Professor: Dr. James P. Mccalpin 
Department: Geology 
xi 
The Smithfield 7.5' quadrangle is located about 13.8 kilometers 
(8.6 miles) south of the Utah-Idaho State Line and occupies the 
central portion of the eastern side of Cache Valley, Utah. The 
mapped area contains more than 55 square miles. The Bear River Range 
on the eastern side of the quadrangle contains stratigraphic units 
ranging from Precambrian to Quaternary age. Cache Valley contains 
deposits of Tertiary and Quaternary age. Quaternary units in the 
Smithfield quadrangle are subdivided into thirty-two map units based 
on age and genesis. Five ages of Quaternary units are identified, 
and these units are assigned to one of fourteen genetic types. The 
East Cache fault zone is mapped along the western edge of the Bear 
River Range. 
Early Quaternary time was principally a period of pediment 
formation, followed by normal faulting, erosion, and alluvial-fan 
deposition. Cache Valley was later occupied by a pre-Bonneville 
cycle lake which is tentatively correlated with the Little Valley 
lake cycle. This lacustrine cycle was fol lowed by more erosion and 
xii 
alluvial-fan deposition. The current Cache Valley landscape is 
dominated by the sediments and geomorphic features of Pleistocene 
Lake Bonneville. Alluvial-fan deposition has been the principal 
geologic process in post-Lake Bonneville time. 
Geologic hazards in the Smithfield quadrangle include flooding, 
landslides, debris flows, rock fall, problem soils, shallow ground 
water, earthquake ground shaking, surface fault rupture, and 
liquefaction. Some of the areas affected by these hazards and 
measures for mitigating the hazards are identified. Bonneville lake 
cycle fine-grained offshore deposits and the Tertiary Salt Lake 
Formation are the primary geologic units susceptible to landsliding. 
( 143 pages) 
I NTROOUCTION 
GENERAL STATEMENT 
This r~port summarizes an investigation of the surficial geology 
in the Smithfield quadrangle (Figure 1). Surficial geologic mapping 
was accomplished in greater detail than heretofore (Plate 1). The 
quadrangle was chosen because of the rapid growth the area is 
presently experiencing (Christenson, 1983). 
PURPOSE OF INVESTIGATION 
This investigation was undertaken to obtain a better 
understanding of Quaternary unconsolidated deposits and geomorphic 
features within the Smithfield quadrangle. Specific objectives of 
this study were to: 
1.) Map the surficial deposits in the Smithfield quadrangle at 
1:24,000 scale (Plate 1). 
2.) Evaluate water well logs (Plate 2) and make measured sections 
of surficial units to determine the stratigraphic sequence of 
surficial deposits within the quadrangle. 
3.) Identify some of the potential geologic hazards within the 
quadrangle. 
LOCATION AND ACCESSIBILITY 
The Smithfield 7.5' quadrangle is located on the eastern edge of 
southern Cache Valley, Utah, and is bordered on the east by the Bear 
River Range. The area of investigation (Figure 1) lies between 
latitudes 41°45' N. and 41°52'30" N., and between longitudes 111°45' 
W. and 111°52'30" vi. The northern boundary of the mapped area is 
Figure 1. Index map of central part of northern Utah showing 
locatfon of Smithfield quadrangle (from Galloway, 1970). 
2 
3 
about 13.8 kilometers 6 miles) south of the Utah-Idaho State Line. 
Vehicular access to the area is generally good. The area has 
excel lent major access, north and south, on U. S. Highway 91. Local 
paved and unpaved roads provide very good access throughout the 
valley and all of the major canyons have roads or trails. 
CLIMATE, VEGETATION, AND SOILS 
Moderate precipitation, large daily temperature changes, cold 
damp winters, and warm dry summers are characteristic of Cache Valley 
(Bjorklund and McGreevy, 1971 ). The va 11 ey normally receives about 
25.4 to 50.8 centimeters (10 to 20 inches) of precipitation annually, 
and the mountainous area surrounding the valley receives 50.8 to 127 
c entimeters (20 to 50 inches) of precipitation annually {Bjorklund 
and McGreevy, 1971). Precipitation falls largely as snow during 
winter months. 
Natural vegetation in the Smithfield quadrangle is quite varied 
and this variability is documented in the soil survey of the area 
(Erickson and Mortensen, 1974). Vegetation in the low-lying portions 
of the valley (up to approximately 1,432.5 meters [4,700 feet]) 
predominantly consist of sedges, cattails, bulrush, foxtail, salt 
grass, alkali sacaton, greasewood, pickleweed, Kentucky Bluegrass, 
wiregrass, western wheatgrass, Great Basin wildrye, gumweed, 
bl uebunch wheatgrass, and big sagebrush. Vegetation on the medium to 
high lake terraces and deltas (between approximately 1,371.5 and 
1,5 84.9 meters [4,500 and 5,200 feet]) predominantly consist of 
western wheatgrass, bluebunch wheatgrass, balsamroot, big sagebrush, 
cheatgrass, gumweed, and yarrow. The upland benches, pediments, and 
4 
low hills (up to 1,737.3 meters [5,700 feet]), which predominantly 
consist of alluvium and colluvium deposited on the Salt Lake 
Formation, support mainly western wheatgrass, slender wheatgrass, big 
sagebrush, bitterbrush, muleseardock, bluebunch wheatgrass, 
cheatgrass, balsamroot, native bluegrass, giant wildrye, oysterplant, 
servi ceberry, yarrow, juniper, wi 11 ow, , and cottonwood. Foothill and 
mountain slopes (approximately 1,615.4 to 1,889.7 meters [5,300 to 
6,200 feet]) are characterized by big sagebrush, low sagebrush, 
juniper, bluebunch wheatgrass, western wheatgrass, snowberry, 
bitterbrush, and curlleaf mountain mahogany. 
Soils in Cache Valley (Erickson and Mortensen, 1974) are 
predominantly formed from parent materials of alluvial, lacustrine, 
or coll uvial origin. Low-lying portions of the valley are dominated 
by silty clays, silty clay loams, silty loams, and loams formed from 
parent materials of lacustrine lake bottom origin, by gravelly loams, 
silty loams, and loams formed from parent materials of alluvial 
origin, and by fine sandy loams formed from parent materials 
deposited by the Bear River. Medi um to high lake terraces, deltas, 
and the upper portions of alluvial fans are dominated by gravelly 
loams and silty loams formed from parent materials of alluvial, 
deltaic, and lacustrine shoreline origin. The upland benches, 
pediments, low hills, foothills, and mountain slopes are dominated by 
gravelly loams, silty stony loams, silty loams, and stony loams 
formed from parent materials of alluvial and colluvial origin. 
5 
FI ELD METHODS 
Field investigations were conducted during the summer and fall of 
1984 and the spring of 1985. Geologic features were mapped in the 
field, on aerial photographs, and the information was later 
transferred to a 1:24,000 scale topographic base map using the U.S.U. 
Department of Geology Kargl Reflecting Projector. Representative 
samples of selected genetic categories of map units were collected 
for laboratory analysis. Field relationships of the surficial 
sediments were determined from the examination of surface outcrops, 
borrow-pit exposures, road cuts, and water well logs. Measured 
sections of surficial geologic exposures were made using a steel tape 
and a Brunton compass. Color designations for measured sections were 
assigned according to the Munsell Soil Color System (Munsell Color 
Co., Inc., 1975). Driller's logs of water wells in the study area 
were obtained from the Utah State Engineer, Division of Water Rights, 
Northern Area Office, in Logan, Utah. 
LABORATORY METHODS 
Size analysis of one representative sample from each genetic 
category of map units was conducted in the laboratory by estimating 
the percentage of sample over two mi 11 i meters (-1.0 phi), by sieving 
(Folk, 1980) at half phi intervals from -1.0 phi to 4.0 phi, and by 
pipette analysis of silt and clay (Folk, 1980) at half phi intervals 
from 4.0 phi to 6.0 phi, and at one phi intervals from 6.0 phi to 8.0 
phi. 
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PREVIOUS INVESTIGATIONS 
The earliest studies of the geology in the Cache Valley area were 
made by the Fortieth Parallel Survey in 1877 and the Hayden Survey 
Party in 1879 (Williams, E. J., 1964). G. K. Gilber t (1890) 
investigated the Lake Bonneville deposits in Cache Valley. 
Detailed investigations of the Smithfield quadrangle began with 
Bailey's (1927) study of the geology of the Bear River Range. Bailey 
also investigated the Bear River Range fault. Williams (1948) 
studied the Paleozoic rocks in the area and published a generalized 
geologic map at 1:125,000 scale which included the Smithfield 
quadrangle. Ross (1951) did extensive work on the stratigraphy of 
the Garden City Formation a.nd its trilobite faunas, and included a 
description of the Garden City and Swan Peak Formations in Green 
Canyon. Haynie (1957) examined the Worm Creek Member of the St. 
Charles Formation in Green Canyon. Williams (1958) continued his 
study of the stratigraphy and geologic history in Cache County. 
Taylor and Palmer (1981) and Taylor and others (1981) studied the 
Cambrian and Ordovician stratigraphy and paleontology in the Bear 
River Range and measured a section in Green Canyon. 
There have been extensive investigations of the Salt Lake 
Formation in Cache Valley, Utah, which included work in the 
Smithfield quadrangle. Williams (1948) published one stratigraphic 
section and later, as reported by Smith (1953), divided the Salt Lake 
Group into three formations; the Collinston conglomerate, the Cache 
Valley Formation, and the West Spring Formation. Smith (1953) also 
studied the Salt Lake Group and published a composite stratigraphic 
7 
column for the Tertiary of northern Utah. Adamson (1955) measured 
seven stratigraphic sections of the Salt Lake Group and described the 
Salt Lake Group in the Smithfield area. A summary of the work which 
had been done on the Salt Lake Group was published by Adamso n and 
others (1955) in which the Salt Lake Group was redesi gnated to be the 
Collinston conglomerate, the Cache Valley Formation, and the Mink 
Creek conglomerate. Williams (1964) studied the age of the Salt Lake 
Group and concluded it could be no older than upper Eocene. Galloway 
(1970) redes"ignated t he Salt Lake Group to the Salt Lake Formation 
a nd the previous formations of the group to member status (the 
Collinston Conglomerate Member, the Cache Valley Member, and the Mink 
Cre ek Conglomerate Me mber). Current usage of group versus formation 
terminology with respect to the Tertiary Salt Lake deposits varies 
from paper to paper and has no definite trend. 
Williams (1962) study of the Bonneville lake cycle deposits in 
Cac he Vall e y includ e d a 1:62,500 scale ma p of th e Tertiary and 
Quat e rnary geology in the Smithfield quadrangle. Williams (196 2 ) 
ma pped the Bonneville lake cycle deposits using concepts based on the 
work of Gilb e rt (1890), Hunt (1953), and Biss e ll (196 2). This r e port 
will also consid e r con cepts develop ed by Critt e nden (19 63), Morrison 
(1965a, b), Scott (19 80), Curr e y (1980 , 1982 , 1984), Scott and others 
(1 98 2, 1983 ), and Curr ey and oth e rs (19 83a, b), and Currey and Oviatt 
(19 85). 
There have been a number of more recent studies which included 
work in the Smithfield quadrangle which are of particular importance 
to this study. Galloway's (1970) 1:12,000 scale map of the 
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structural geology of the eastern portion of the Smithfield 
quadrangle was used, with her permission, to provide the pre-
Quaternary structural geology, and the Proterozoic, Paleozoic, and 
Tertiary map units on Plate 1. A detailed C'lche Valley ground-water 
study including a depth to ground-water map was made by Bjorklund and 
McGreevy (1971). Erickson and Mortensen (1974) mapped the soils in 
the Cache Valley area. A reconnaissance study of the East Cache 
fault zone with recommendations for reducing risk from earthquakes 
was made by Woodward - Lundgren and Associates by mapping lineaments 
which may represent fault traces and scarps (Cluff and others, 1974). 
DeGraff (1976) mapped the Quaternary geomorphic features in the Bear 
River Range in north-central Utah. Green (1977) studied the geologic 
hazards in Cache Valley. Rogers (1978) conducted an investigation of 
development sites on the Logan east bench which included the study of 
the subsurface using test pits. A liquefaction potential map for 
this area was prepared by Hill (1979). An evaluation of low-
temperature geothermal resources in Cache Valley was made by deVries 
(1982). Swan and others (1983) studied earthquake recurrence 
intervals on the East Cache fault and trenched an area just south of 
Green Canyon. Of specific relevance is Christenson's (1983) study of 
engineering geology for land-use planning in the area of the City of 
Smithfield. 
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GEOLOGIC SETTING 
The Smithfield quadrangle is located in the Cache Valley Section 
of the Middle Rocky Mountains Physiographic Province (Stokes, 1977). 
Cache Valley is surrounded by mountains - th e Bear River Range on the 
east, the Bannock, Malad, and Hasatch Ranges on the west, the 
Portneuf Range on the north, and South Hi 11 s on the south. A broad 
north-south trending structural valley approximately 96.5 kilometers 
(60 miles) long and 12.9 to 25.7 kilometers (8 to 16 miles) wide, 
Cache Valley is bounded on both the east and west by normal faults 
(Bjorklund and McGreevy, 1971). 
The Smithfield 7.5' quadrangle occupies the central portion of 
the eastern side of Cache Valley. The Bear River Range on the 
eastern side of the quadrangle contains sedimentary rocks of 
Proterozoic and Paleozoic age that are folded into a broad syncline 
that has a north-northeast trend (Galloway, 1970). Galloway (1970) 
mapped several thrust faults in the Bear River Range portion of the 
Smithfield quadrangle which she attributes to the Laramide 0rogeny. 
The range is bounded on the west by the East Cache fault zone 
(Williams, 1962). This fault zone is considered to be one of the six 
most active fault zones in Utah (Sharp, 1976). Younger deposits in 
the Bear River Range are mainly colluvium and stream alluvium. 
Cache Valley contains deposits of the Tertiary Salt Lake 
Formation, deposits of the Quaternary Bonneville lake cycle, and 
post-Lake Bonneville stream alluvium, landslides, and debris flows. 
The floor of Cache Valley is remarkably flat. A diagram of the 
subsurface geology of the Smithfield quadrangle is presented in 
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Figure 2. The Smithfield quadrangle would be represented by the 
right half of this figure. There are approximately 335.5 to 396.5 
meters (1,100 to 1,300 feet) of unconsolidated Quaternary deposits in 
the central ;)ortion of Cache Valley (Bjorklund and McGreevy, 1971). 
Ground water in the Smithfield quadrangle is found in perched, 
confined, and unconfined aquifers as shown in Figure 3. 
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Figure 2. Diagramati c cross section of Cache Valley from Cache 
Butte through Amalga to Smithfield (from Williams, 1962). The 
Smithfield quadrangle is represented by the right half of the 
diagram. 
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Figure 3. Schematic block diagram showing relation of confined, 
unconfined, and perched ground water in the Smithfield area (adapted 
by Christenson, 1983, from Bjorklund and McGreevy, 1971). 
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PHYSIOGRAPHY 
GENERAL STATEMENT 
Cache Valley is an intermontane valley of high altitude and 
relief. In the Smithfield quadrangle the valley floor lies near 
1,351 meters (4,430 feet) whereas the uplands to the east rise to 
altitudes in excess of 2,346 meters (7,690 feet). Maximum relief 
exceeds 994 meters (3,260 feet). The valley and adjacent uplands 
trend approximately north. 
Erosional and depositional landforms are common throughout the 
Sm i thfi e 1 d quadrangle. Former shorelines, fault scarps, and stream 
escarpments can be traced along the valley margins. The western 
portion of the quadrangle is a flat plain which was previously 
occupied by Lake Bonneville's Cache Bay. The Bear River and other 
streams have dissected and aggraded portions of the former lake 
floor. 
UPLANDS 
Bear River Range 
The Bear River Range runs the entire length of the eastern side 
of the Smithfield quadrangle. The highest peak in the quadrangle 
1 ies between Dry Canyon and Hyde Park Canyon, and reaches an 
elevation of 2,347 meters (7,696 feet). Resistant Proterozoic and 
Paleozoic formations form the steep slopes of the Bear River Range. 
The mountain front bordering the east side of the valley in the 
northern three-fourths of the quadrangle is largely covered by the 
Tertiary Salt Lake Formation which forms rounded foothills. The 
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eastern edge of the valley, west of the mountain front, in the 
southern one-fourth of the quadrangle contains mostly shoreline 
deposits of Pleistocene Lake Bonneville and post-Lake Bonneville 
alluvial-fan deposits. 
Crow Mountain 
Crow Mountain is located near the northern boundary of the 
quadrangle and has an approximate elevation of 1,718 meters (5,633 
feet). Crow Mountain is composed of severely brecciated dolomite and 
limestone which resemble the upper part of the St. Charles Formation 
and the Garden City Formation respectively (Galloway, 1970). This 
core of Paleozoic rock is overlapped on all sides by the Salt Lake 
Formation (Galloway, 1970). Areas of quartzite boulders and 
disoriented masses of brecciated quartzite suggest the presence of an 
underlying block of quartzite (Galloway, 1970). Galloway (1970) has 
indicated the anomalous location of the dolomite and limestone of 
Crow Mountain, as well as the quartzite masses, may have resulted 
from westward sliding on the flank of the Bear River Range from an 
area located about three miles to the east. The slide may have moved 
over unconsolidated and water-saturated sediments of the tuffaceous 
sandstone member of the Salt Lake Formation (Galloway, 1970). 
Round Hill and Long Hill 
Round Hill and Long Hill, between lower Hyde Park Canyon and Dry 
Canyon, consist of congl ornerate of the Sa 1 t Lake Formation which is 
isolated from the extensive outcrop of Salt Lake Formation to the 
east by Quaternary alluvium and colluvium, and have approximate 
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elevations of 1,653 and 1,599 meters (5,418 and 5,243 feet) 
respectively. Galloway (1970) indicates these hills may be parts of 
a landslide from the hills immediately to the east. The lower 
tuffaceous sandstone member of the Salt Lake Formation, which crops 
out northeast of Long Hill and which must underly both Long and Round 
Hills, could have facilitated the sliding (Galloway, 1970). These 
hills could also be a horst formed by normal or listric normal 
faulting. Regardless of which mechanism caused the formation of 
these hil 1 s, it must have taken place prior to the formation of the 
Bonneville Shoreline, which is cut on both hills. 
ACTIVE DRAINAGE 
The principal drainage in Cache Valley is the Bear River 
(Bjorklund and McGreevy, 1971). This river flows through the 
northwest corner of the Smithfield 7.5' quadrangle. The Bear River, 
a meandering stream with a gentle gradient and a broad flood plain, 
carries most of its sediment load in suspension. Landforms 
associated with this river include the channel with its channel fill, 
natural levees, point bars, crevasse-splays, cut-off channels, and 
flood basin. Numerous tributaries to the Bear River flow off the 
western side of the Bear River Range. These tributaries are 
primarily braided streams which are characterized by steeper 
gradients and higher bed load. Landforms associated with braided 
streams include shifting channels and longitudinal bars. In 
mountainous areas mass-movement processes such as slopewash, debris 
flows, and landslides contribute a large amount of sediment to the 
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channels. Braided streams often become alluvial fans when their 
channels become unconfined. Smithfield Canyon's Summit Creek and 
Birch Canyon Creek form a confluence just east of Smithfield and flow 
west across the quadrangle into the Bear River. Other major 
drainages include Dry Canyon, Hyde Park Canyon, and Green Canyon. 
Hater from these canyons, and from smaller east-west drainages, is 
normally captured by the north-flovdng Logan, Hyde Park, and 
Smithfield Canal. Lower order streams flow north or south during the 
runoff season into the westward draining canyons or drainages. A 
number of springs are found on the valley floor between elevations of 
1,354 and 1,366 meters (4,440 and 4,480 feet) and water from these 
springs flows westward into the Bear River. 
DISSECTED PEDIMENTS 
Two levels of pediment surfaces which dip west at low angles are 
recognized in the east-central portion of the Smithfield quadrangle. 
Adamson (1955) attributes the formation of pediment surfaces in other 
areas of Cache Valley to at least two periods of post-Salt Lake 
Formation faulting. After the first period of faulting, pediment 
surfaces were produced on the west-dipping beds of the Salt Lake 
Formation and adjacent older rocks (Adamson, 1955). The pediment 
surface produced by this fault movement in other areas of Cache 
Valley was named the McKenzie Flat Surface by Hilliams (1948). The 
pediment surface has been truncated by north-trending high-angle 
normal faults (valley side down) and subsequently dissected (Adamson, 
1955). This second period of faulting produced the two levels of 
pediment surfaces which are covered with a thin veneer of alluvium. 
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ALLUVIAL FANS 
Alluvial fans in the Smithfield quadrangle are located chiefly 
along the east side of the valley at the mouths of canyons and 
gullies. The alluvial fan of Summit Creek stre t ches across the 
quadrangle to the Bear River. The alluvial fans generally have a 
fan-like shape in plan view with the apex pointing upstream. 
Alluvial fans are steepest at the apex and gradually decrease in 
slope and become gradually finer grained away from the apex. 
Sediments within alluvial fans are usually coarse, poorly sorted, and 
only locally stratified. Alluvial fans commonly have a large 
percentage of debris-flow components which are very poorly sorted and 
may contain large boulders. Debris-flow events may construct natural 
levees on both sides of the active fan channel (Figure 4). 
SHORELINES 
Shoreline features are found at many locations in the Smithfield 
quadrangle. There have been four different stages of shoreline 
formation which can be related to shorelines found at different 
elevations in the quadrangle. The following description is adapted 
from Currey and Oviatt (1985). Bonneville transgressive shorelines 
refer to those shorelines which were cut as Lake Bonneville rose 
during its transgressive phase to the Bonneville Shoreline. These 
shorelines are found between elevations of about 1,464 and 1,565 
meters (4,800 and 5,130 feet). The Bonneville Shoreline refers to 
the shoreline cut during the highstand of the Bonneville lake cycle 
when the lake level was controlled by the Zenda threshold. This 
' ' 
Figure 4. Debris-flow levee along drainage located about one-
half mile south of Green Canyon in the SE 1/4 sec. 24, T. 12 N., R. 1 
C" 
L • 
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shoreline is the best developed shoreline in the quadrangle and is 
found at an elention of about 1,565 meters (5,130 feet). No 
shoreline features were developed during the Bonneville flood which 
resulted fr o m the destruction of the Zenda threshold. The Provo 
Shoreline refers to the shoreline which was cut when Lake Bonneville 
1 ake 1 evel was controlled by a threshold at Red Rock Pass. This is 
th e second best developed shoreline in the quadrangle and is found at 
elevations of about 1,464 meters (4,800 feet). Post-Provo regressive 
shorelines refer to those shorelines cut during the slow retreat of 
La ke Gonneville from the Provo Shoreline caused by climatic 
conditions. These shorelines are found below about 1,464 meters 
(4, 800 feet). Bonneville lake cycle events will be discussed further 
in the Geologic History section. Geomorphic features related to 
Bonneville lake cycl e shorelines are of both constructional and 
e rosional origin. In the Smithfield quadrangle, these features 
include wave- cut terraces, wave-built terraces, spits, and bars. The 
upper surfac e s of these features generally approximat e the elevation 
a t which the lake stood when they were formed. Se diments within 
con s tructional shoreline features are well stratified and sorted. 
DELTAS 
In the Smithfield quadrangl e , deltaic deposits are found east of 
Smithfield and Hyde Park, and be tween Logan and North Logan. There 
hav e been three different periods of delta formation in the 
Smi thfi e 1 d quadrangle during which deltas formed at three different 
elevations; these elevations correspond to the Bonneville Shoreline 
stage (1,565 meters [5,130 feet]), the Provo Shoreline stage (1,464 
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meters [4,800 feet]), and a stillstand during the post-Provo 
Shoreline regressive stage at elevation of about 1,427 meters (4,680 
feet). Deltas, like alluvial fans, may also have a fan-like or 
triangular geometry with the apex pointed upstream. The upper 
surfaces of deltas, unlike alluvial fans, are usually nearly flat. 
Sediments within deltaic deposits are generally 1:1ell stratified and 
sorted. Former stream channels in deltaic deposits are commonly 
filled with fine-grained material of fluvial and eolian origin. 
Deltaic gravels (topset and foreset beds) are commonly constructed on 
fine-grained offshore deposits (bottomset beds). Deltaic sediments 
become finer grained away from the apex. 
VALLEY FLOOR 
The valley floor on the west side of the Smithfield quadrangle 
slopes gently to the west and is essentially a flat plain interrupted 
only by the low mound of the Summit Creek alluvial fan in the center 
of the quadrangle and the low-lying deposits of the Bear River in the 
northwest corner. The va 11 ey floor of the Smi thfi e 1 ct quadrangle is 
made up of a thick layer of clay and silt offshore sediments 
depos it ed by Lake Bonneville over pre-Lake Bonneville alluvium and 
older deposits. 
FAULT SCARPS 
Fault scarps are found in the southern one-fourth of the 
Smithfield quadrangle at locations indicated on Plate 1. These fault 
scarps have displaced the surface of the ground so that one side is 
higher than the other. As time progresses, the scarp between the 
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displaced ground surfaces gradually erodes and the scarp 
progressively becomes less steep, until reaching the angle of repose 
for the particular material type. Unlike shorelines, fault scarps 
may cross elevation contours. Swan and others (1983) measured fault 
scarps more than three meters high near the mouth of Logan Canyon. 
Fault scarps in the Smithfield quadrangle have slopes as steep as 
23.5 degrees. 
STRATIGRAPHY 
GENERAL STATEMENT 
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Both consolidated and unconsolidated sediments are present in the 
Smithfield 7.5 1 quadrangle. Bedrock units in the mountains of the 
Bear River Range represent nearly continuous deposition from Late 
Precambrian through Devonian ti mes. Younger Paleozoic and Mesozoic 
formations were presumably eroded from the area of the Smithfield 
quadrangle before deposition of the Tertiary Salt Lake Formation 
(Galloway, 1970). The Salt Lake Formation of Miocene and Pliocene 
age crops out in the foothills along the eastern side of Cache Valley 
(Adamson, 1955). The Salt Lake Formation rests unconformably on 
Pre cam b r i an quartz i te and Pa 1 e oz o i c uni ts (Ga 11 ow a y, 19 7 0). T 11 e
valley floor and its margins are largely mantled by Quaternary 
sediments which overlap Cambrian rocks along the mountain front in 
the southern one-fourth of the mapped area, and which overlap the 
Salt Lake Formation in the northern three-fourths of the mapped area. 
These Quaternary unconsolidated sediments are the focal point of this 
study. 
PROTEROZOIC AND PALEOZOIC ROCKS 
The Proterozoic and Paleozoic rock units (Table 1 and Plate 1) 
are those of Ga 11 oway ( 1970). Uni ts from the Precambrian quartzite 
to the Cambrian Brigham Formation crop out in the northern portion of 
the quadrangle, units from the Cambrian Brigham Formation to the 
Cambrian Nounan Formation crop out in the central portion of the 
quadrangle, and units from the Cambrian Nounan Formation to the 
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Table 1. Stratigraphic units of Precambrian and Paleozoic age, 
eastern part of the Smithfield quadrangle and vicinity (from 
Galloway, 1970). 
Un..1.t: lithology 
Devonian s y J; u::m 
'IJ.a.ter Canyon Forus.t:ion 5 andy do lom1. ~ and i; anru: t:= 
Cl,rye:y dolomi~ 
Silurlan Sys t:c:lll 
Lai:.e t D<lD F o :i:m a. ti on 
Ordotlc,fan Syi; t:c:lll 
Fish Raven Format:ion 
Svan Pe.ale. Formation 
Card.en C:1.t:y Fonn.a.tlon 
Cambrl= Sys t:em 
St. Charles Forma.ti·on 
Upper member 
!.'or:n Creek Member 
Nonna:n Formation 
Blo=Lngton Form.a.don 
lli..cl:.s-:r:i.t:h Fo=.Ei.t:i.on 
Ute· l'crmat:ion 
Langston Fonn.at:ion 
.Bdgha:m Forma t::ion 
Prec-=hrlan rocks 
Mutual Formac:..ion 
Pre.car:ibrian quart..:::ite 
Light-gray a:n.c:I d.rrk-gray doload.te 
Dar~-gray dol.=i. t:.e · 
'l.'b.it:.e q=crlt:e 
I'=l'l.<eq=rlte 
Qu.a.rt:z.1. t: e aDd i; hale 
5~. sil t:s t:one. and :li= tane 
Cherey do l.ot:t1. te. 
Ch=t:y l.ime..s r.one 
Limest:one "7it:h 1.ntraforc.at.i.on.a.l 
breed.a 
Ll.ght-gray a.n..d dark-gnry dol=d.te 
I.1.J,,es cone 
Qu.=-t:zi te 
Sandy doi~ce 
Light-gray doloclte 
Li.me.scone and d olc-,J t:e 
Green sha.J.e 
Limes=ne a.o.d green sh.a.le 
Gr=n ab.a.l.t, 
Light,.ray dol.=:it:e 
Lime.scone and green ,;hale 
Dol.cmite 
Limescone 
1l rown .11.D.d gray "hale 
Limes::one arui silt.stone 
Quartrl te and shale · 
_Quart:z:ice 
Pu-rple and uhite qu~rt:z:ice 
Quart:::..ite and shale 
ThickneH 
(feet) 
606 
1.459 
140 
401 
1,405 
1,015 
940 
75 
1,1.25 
1,495 
4a5 
745 
360 
2,549 
336 
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Devo1,ian Hater Canyon Formation crop out in the southern part of the 
quadrangle. An isolated block of limestone, evidently of 
Mississippian age, rests on the Cambrian Bloomington Formation just 
south of Beef Hollow (Galloway, 1970). Galloway (1970) identified 
this block on the basis of a fossil assemblage and considered it to 
be part of a slide block. A slide block is an intact mass that has 
moved downslope a relatively short distance (Galloway, 1970). 
TERTIARY ROCKS 
The Tertiary rocks exposed at the surface in the Smithfield 
quadrangle consist of the upper two members of the Salt Lake 
Formation. The Salt Lake Formation, as shown on Plate 1, was mapped 
by Galloway (1970). Table 2 summarizes the Tertiary stratigraphy in 
Cache Valley. This study follows Galloway (1970) in reducing the 
Salt Lake group to formation status and the formations of the Salt 
Lake group to member status. The lower member of the Salt Lake 
Formation is not exposed at the surface in the Smithfield quadrangle. 
QUATERNARY UNCONSOLIDATED D POSITS 
The Quaternary deposits exposed at the surface in the Smithfield 
quadrangle consist primarily of lacustrine, alluvial, and mass-
movement deposits of Pleistocene and Holocene age. In the following 
section units will be described from oldest to youngest. Thin units 
over other units are defined as less than 3.0 meters (10 feet) 
thick. Estimates of thicknesses are subjective where vertical 
exposures or drill-hole data was not available. Thin units, with the 
exception of non-designated units (boulder accumulations), such as 
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Table 2. Tertiary rock unit ~ of Cache Valley, Utah and Idaho 
(ada pted from Adamson and others, 1955). 
Age Rnd:: unit I Lirhology Thid:n= (Fc:::t) 
C 
0 Minx CrttJ:: cooglomc:no: Light -gn:y ID pal~r=ge 3,4.35+ ~ 
.µ Member ru.ffa=us cooglomrr;1.o: 
"' E 
~----------Plioa::nc 1-0 Ligbr-colo rcd mif, u... 
QJ G.chc Valley Member lim= oc.. ondsronc, 7,674 
-'"' a.nd cong_lomc:r.u:: 
"' 
_, 
T crmry .._._ Collinsmn Lighr-gniy, ru.ffa= uoo+ :Mina:= -
"' cooglomc:r.z.o: ·Member cooglomc::r.z.o: V, __ .__ ________ 
Oligoa:nc 
Eoc:coc 
------------
-W~tch" coogl=crztr R.c:d di_,; b CD O g J Orn.en. C: 530 
N= a.nd l.i.m== 
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colluvium over bedrock, were not mapped above the Bonneville 
Shoreline. Bonneville lake cycle refers to both the transgressive 
and regressive phases of the last lake cycle in the Bonneville basin. 
Bonneville deposits refer to those sediments deposited during the 
transgressive phase of Lake Bonneville and to sediments deposited 
when the lake level was controlled by the Zenda threshold. Provo 
deposits refer to those sediments deposited when the lake level was 
controlled by a threshold at Red Rock Pass, and to those sediments 
deposited during the climatically controlled regression from the 
Provo Shoreline. Bonneville lake cycle events will be discussed 
further in the Geologic History section. 
Pr e-Lake Bonneville Deposits 
Alluvial-fan Deposits_: Qaf 5 
Pre-Lake Bonneville alluvial-fan deposits are not mapped on 
Plat e 1. These deposits are, however, exposed in a road cut in 
s e ction 12, T. 12 N., R. 1 E. where normal faults have offset the 
unit with the east side down (Figure 5). Measured sections of this 
e xposure are presented in Appendix A (sections 4, 5, 6, 10, 11). 
Because this unit is exposed only in this road cut, surface 
morphology and the geometry of the deposit are not known. It is 
probable that these sediments were deposited as alluvial fans and had 
a morphology and geometry similar to younger Holocene alluvial fan 
deposits. Grain size ranges from small boulders (10 cm. by 20 cm. by 
13 cm. [4"x8"x5"]) to clay with mostly cobble size clasts. The 
deposit is poorly sorted. Clast roundness ranges from angular to 
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Figure 5. Fault, east side down, offsetting pre-Lake Bonneville 
alluvial fan deposits exposed in road cut located in section 12, T. 
12 N., R. 1 E., just east of Hyde Park on Second South Street. 
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subrounded. The deposit is poorly bedded with s •Jme i mbri cation of 
pebbles. Total thickness of the deposit is not known but it must be 
at least 5.85 meters (19.14 feet) thick as this \'Jas the exposure's 
thickness (Appendix A, section 5). This unit is probably underlain 
by older Quaternary uni ts and the Tertiary Salt Lake Formation, but 
these units are not exposed in the road cut. This unit is overlain 
by Bonneville lake cycle deposits. 
Pediment Deposits -Qap5 
Pre-Lake Bonneville pediment deposits are mapped in sections 6, 
7, and 18, T. 12 N., R. 2 E., sections 1, 12, and 13, T. 12 N., R. 1 
E., and section 14, T. 13 N., R. 1 E. These pediment deposits form 
flat surfaces sloping at low angles toward the valley which appear to 
have formed primarily on the Tertiary Salt Lake Formation. The grain 
size of these deposits ranges from boulders to silts and clays. 
Laboratory analysis of sediments taken from a small road cut in the 
pediment located in the NE 1/4 sec. 7, T. 12 N., R. 2 E. are shown in 
Appendix B. The central areas of the pediments are covered with a 
fine sand, silt, and clay deposit which may represent an eolian 
cover. At the pediment edges and other erosional areas pebbles, 
cobbles, and boulders become the predominant grain size. Gullies 
less than 5 feet deep expose the coarser material indicating that the 
fine grained cover is very thin. The coarser material is poorly 
sorted and the clasts range from subangular to rounded. No good 
exposures in this unit were found so sedimentary structures were not 
observed. The highest bedrock outcrops along the south edge of the 
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pPdiment located just north of Mahogany Hollow were about 20 feet 
below the top of the pediment. Seismic data, collected at a stv.tion 
on the pediment surface near the outcrops using a single-channel 
seismograph, also indicates (Figure 6) the pediment deposits were 
about 20 feet thick at that location. The pediment deposits appear 
to have a tabular geometry. These deposits are underlain by the 
Tertiary Salt Lake Formation and are, in some areas, overlain by 
Bonneville deposits and younger Quaternary alluvial-fan deposits. 
These sediments were deposited as alluvium and alluvial fans on the 
relatively flat surface which the pediment processes cut on the 
easily erodible Tertiary Salt Lake Formation. 
Non-designated Units_: Qnd5 
Pre-Lake Bonneville non-designated units are of two types. 
Deposits in section 21, T. 13 N., R. 1 E. and sections 22, 23, and 
26, T. 12 N., R. 1 E. are low mounds of sand and gravel which are 
covered at the edges by Provo offshore silts and clays. The largest 
boulder noted was 0.76 m.x 0.46 m.x 0.31 m. (2.5'xl.5'xl') in 
dimension. These deposits appear to be poorly sorted and made up of 
subangular to subrounded clasts. No exposures were available in this 
unit and, therefore, sedimentary structures, geometry of the unit, 
and total thickness of the unit are unknown. These deposits may have 
formed pre-Lake Bonneville highs around which lake sediments were 
deposited. An alternate explanation is that these sediments may have 
been deposited as subaqueous debris flows off the deltas immediately 
east of where the deposits are mapped. This would have taken pl ace 
late in the Provo shoreline stage of the Bonneville lake cycle. 
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Figure 6. Seismic data from the pediment surface above the north 
side of Mahogany Hollow in the SE 1/4 NW 1/4 NW 1/4 sec. 7, T. 12 N., 
R. 2 E. 
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Evidence supporting the second hypothesis is the consistent thickness 
of Bonneville lake cycle offshore deposit s , as depicted on Plate 2. 
The other type of deposit mapped as pre-Lake Bonneville non-
designated units is located in se ction 7, T. 12 N., R. 2 E., and 
sections 2, and 13, T. 12 N., R. 1 E. These units have been 
previously described by Galloway (1970) as "boulder deposits". This 
type of deposit is boulder accumulations eroding from steep slopes 
created by faulting or Bonneville lake cycle shoreline erosion. 
These sediments consist of small to large boulders of limestone, 
dolomite, and quartzite lithologies. The largest boulder measured 
was 1.68 m.x 1.22 m.x 1.22 m. (5.5'x4'x4') in size. Clast roundness 
ranges from angular to subrounded. No vertical exposures in these 
units were available so sedimentary structures, unit geometry, and 
total unit thickness are unknown. These deposits are probably 
underlain by pre-Lake Bonneville pediment deposits on steep slopes, 
but the underlying units are not exposed. These boulders are 
probably derived from pediment deposits forming residual lag deposits 
which accumulated as finer grained materials were eroded and 
transported away from the steep slopes by lacustrine, colluvial, and 
fluvial processes. 
Thin Non-designated Units 
Over Tertiary Salt Lake 
Formation.:_ Qnct5/Ts,----
Thin non-designated units over Tertiary Salt Lake Formation are 
found in section 18, T. 13 N., R. 2 E., and sections 14 and 24, T. 13 
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N., R. 1 E. These deposits have previously been mapped as "boulder 
deposits" by Galloway (1970). These are predominantly thin deposits 
of boulders covering steep slopes which have formed on the Tertiary 
Salt Lake Formation. The source for the boulders may have been the 
Salt Lake Formation or pre-Lake Bonneville pediments which have now 
been largely eroded from the area. No boulders of the size found in 
the non-designated unit were noted in the underlying Tertiary Salt 
Lake Formation outcrops in this quadrangle, but Adamson (1955) 
described coarser-grained Salt Lake Formation lithologies farther to 
the north in the Cub River region. All other characteristics have 
been described in the second category of the preceding section on 
pre-Lake Bonneville non-designated units which appear to be residual 
1 ag deposits. 
Bonneville Deposits 
Offshore Deposits..: Qlb 4 
Bonneville offshore deposits form a discontinuous north-south 
trending band of outcrops between elevations of about 1,464 and 1,537 
meters (4,800 and 5,040 feet) in the Smithfield quadrangle. These 
deposits form low erosional mounds around which current drainage 
channels flow. Grain size in these deposits range from medium sand 
to clay with the finer sizes predominant. These sediments were 
deposited in beds of alternating grain size which may reflect 
seasonal variations in lacustrine processes. Appendix A contains 
measured sections from this unit (sections 1, 2, 4, 5, 6, 7, 8, 9, 
12, and 19). Maximum thickness of this unit is not known as the 
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itnderlying units were not exposed, but it must be at least 8.23 
meters ( 2 6. 9 6 feet) th i c k i n s tl me are as ( sect i on 9, Append i x A) . 
These deposits probably have sheet and tabular geometries. These 
sediments are probably und~rlain by pre-Lake Bonneville units and are 
overlain by Provo nearshore deposits and Holocene subaerial deposits. 
These deposits are an accumulation of fine sands, silts and clays 
settling in the deeper waters of Lake Bonneville at the Bonneville 
shoreline stage. 
Thin Offshore Deposits Over 
~Lake Bonneville Non-=cfesgnated 
Units.: Qlb4/Qnd5 
Thin Bonneville offshore deposits over pre-Lake Bonneville non-
designated deposits are found in section 15, T. 13 N., R. 1 E. where 
boulders of quartzite, limestone, and dolomite petrologies are 
partially covered by Bonneville offshore silts and clays. Other 
depositional characteristics are as described for Bonneville offshore 
deposits. At this location the protrusion of Crow Mountain appears 
to have caused this area to be relatively sediment-starved which 
accounts for the thin deposits, possibly due to a southward longshore 
drift. 
Nearshore Deposits.:~ 
Bonneville nearshore deposits form a north-south trending 
discontinuous band of deposits between elevations of 1,565 and 1,476 
meters (5,150 and 4,840 feet) in the Smithfield quadrangle. 
~orphologically these deposits form wave-built platforms, spits, and 
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bars. Grain size in these deposits ranges from cobbles (8 cm. x 5 
cm. x 4 cm. [3"x2"xl.5"]) to fi11e sand, with grain size generally 
decreasing as distance from the shoreline increases. Appendix B 
contains an analysis of a ~ample from a bar just south of Dry Canyon. 
Individual beds within these deposits are well sorted and clast 
roundness ranges from subangul ar to we 11 rounded. No cross bedding 
was noted in the exposure just south of Dry Canyon (Appendix A, 
section 14) but the unit was well bedded with some pebble 
imbrication . Maximum thickness of the deposit is not known and is 
likely to be quite variable. The thickness of the above mentioned 
exposure was 2.08 meters (6.83 feet). Geometry of the deposits is 
quite variable. These deposits are underlain by pre-Lake Bonneville 
deposits (inferred) and, in some areas, are overlain by Provo 
nearshore and deltaic deposits and by younger Holocene alluvial-fan 
deposits. 
Thin Nearshore Deposits Over 
~Lake Bonneville Non-deslgnated 
Deposits.:_ Qls 4/Qnd 5 
Thin Bonneville nearshore deposits over pre-Lake Bonneville non-
designated deposits are found in sections 1, 2, 12, and 13, T. 12 N., 
R. 1 E., and sections 14, 15, 22, and 23, T. 13 N., R. 1 E. 
Bonneville shoreline deposits with clast sizes ranging from cobbles 
to fine sand have been deposited over boulder accumulations with the 
largest boulder measuring 1.8 m. x 1.2 m. x 1.2 m. (6'x4'x4') in 
dimension. Other depositional characteristics are as in Bonneville 
nearshore deposits described previously. Note that these deposits 
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are only found east of pre-Lake Bonneville pediment deposits. These 
deposits are probably underlain by pre-Lake Bonneville pediment and 
alluvial-fan deposits, which are the apparent source for the boulders 
which accumulated as residual lag deposits, and are overlain near 
canyon mouths by younger Holocene alluvial-fan deposits. These are 
thin Bonneville nearshore deposits which partially buried pre-Lake 
Bonneville boulder accumulations. 
Thin Nearshore Deposits 
Over Tertiary Salt Lake 
Formation.:. Ql s4/Tsi---
Thin Bonneville nearshore deposits over Tertiary Salt Lake 
Formation cover the north, south, and west slopes of Round Hill 
(section 1, T. 12 N., R. 1 E.) and Long Hill (sections 35 and 36, T. 
12 N., R. 1 E.). Steep slopes in these areas appear to have 
prevented a thick accumulation of Bonneville nearshore deposits. 
Tertiary Salt Lake Formation bedrock crops out through the near-shore 
deposits at several locations on Round Hill. Depositional 
characteristics are as described for Bonneville nearshore deposits. 
Lagoon Deposits .:_Ql.!_4 
Bonneville lagoon deposits are found in sections 14 and 23, T. 13 
N., R. 1 E. and form flat areas behind Bonneville-Shoreline-stage 
bars. Grain size ranges from medium sand to clays with the finer 
grain sizes predominant. Appendix B gives a grain-size analysis from 
the lagoon deposit in section 14, T. 13 N., R. 1 E. which was 
obtained by digging below the soil profile (total depth about 3 feet) 
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with a shovel. The sediments are well sorted and weakly stratified. 
These sediments are inferred to be underlain by pre-Lake Bonneville 
uni ts. 
Deltaic Deposits..:.~ 
Bonneville deltaic deposits are found in sections 23, 24, and 26, 
T. 13 N., R. 1 E. where Birch Creek and Summit Creek have jointly 
built a platform which dips gently to the west. Grain size varies 
from cobbles to coarse sand. These sediments are well sorted and 
clast roundness varies from subangular to well rounded. The deposit 
is well stratified in beds ranging between approximately 76.2 and 
7.62 cm. (30 and 3 inches) thick. Total thickness of the deposit is 
unknown, but a gravel pit exposure (Appendix A, section 17) was 
approximately 10.4 meters (34.08 feet thick). The deposit has a 
tabular geometry. The unit is underlain by the Tertiary Salt Lake 
Formation, outcrops of which are found in the hillsides of the 
drainage where Birch Creek has cut into the delta. There are no 
overlying deposits. 
Thin Deltaic Deposits 
Over Tertiary Salt Lake 
Format, on..:. Ql d4/Ts,-
Thin Bonneville deltaic deposits over Tertiary Salt Lake 
Formation are found in sections 23 and 25, T. 13 N., R. 1 E. along 
the north side of Birch Creek. Tertiary Salt Lake Formation crops 
out through Bonneville deltaic deposits. All other characteristics 
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of this unit are as described for Bonneville deltaic deposits. 
Terrace Deposits.:. Qat4 
Bonneville terrace deposits are found in sections 13 and 24, T. 
13 N., R. 1 E. along the north side of Birch Creek, and along the 
north and south sides of Summit Creek. These deposits are 
topographically higher than modern fluvial deposits and form flat-
topped benches which slope towards Cache Valley at low angles. 
Depositional characteristics were determined from an exposure in the 
SH 1/4 NE 1/4 SH 1/4 sec. 13, T. 13 N., R. 1 E. on the south side of 
Summit Creek. Grain size (Appendix B) ranges from cobbles to clay 
with cobbles and coarse sand predominant. Individual beds within the 
deposits are we 11 sorted and cl ast roundness ranges from angular to 
rounded. Coarser grained units are well bedded, but not cross 
bedded, and have some pebble imbrication. Finer grained units occur 
in lenses and are well laminated. Total thickness is unknown, but 
the exposure described above was 10.2 meters (33.5 feet) thick 
(Appendix A). A shoestring geometry is typical of these deposits. 
These deposits are inferred to be underlain by pre-Lake Bonneville 
alluvium and colluvium and are overlain in some areas, by younger 
Holocene alluvial fan deposits. The terrace deposits are alluvial 
sediments deposited by streams graded to Lake Bonneville when it was 
at the Bonneville Shoreline. Birch Creek and Summit Creek have since 
incised into these deposits forming the terraces. 
Landslide Deposits.:. Qms4 
Landslide deposits which formed when Lake Bonneville was at its 
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high stage are located in sections 23 and 25, T. 13 N., R. 1 E. The 
landslides in section 25 appear to have been rock slumps (Varnes, 
1978) out of the Tertiary Salt Lake Formation. The landslide in 
section 23 appears to have been an earth slump (Varnes, 1978) in 
Bonneville offshore deposits and their cap of Bonneville nearshore 
gravels. The landslides have poorly developed arcuate head scarps 
and hummocky slide masses. Depositional characteristics are the same 
as for the materials from which the landslides originated except 
sedimentary structures are often deformed by the landsliding. 
Thickness of the deposits is not known but an exposure in the 
northern landslide in the SI~ 1/4 NW 1/4 SW 1/4 sec. 25, T. 13 N., R. 
1 E. is 9.2 meters (30 feet) thick (Appendix A, section 16). 
Tertiary Salt Lake Formation boulders from the landslide mass al so 
are partially buried by Bonneville nearshore deposits and a poorly 
developed Bonneville Shoreline was noted on aerial photographs 
crossing the northern landslide in section 25. These are landslides 
which occurred during the high stage of Lake Bonneville. 
Provo Deposits 
Offshore Deposits.:_ Qlb3 
Provo offshore deposits occupy most of the western half of the 
Smithfield quadrangle. These deposits form the flat valley floor of 
Cache Valley except where they are overlain by post-Lake Bonneville 
alluvial-fan deposits. No vertical exposures in this unit were 
available but depositional characteristics were inferred from a 
sample collected by digging below the soil profile in the NW 1/4 NE 
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1/4 SW 1/4 sec. 28, T 12 N., R. 1 E. (Appendix B). Grain size ranges 
from fine sand to clay with clay predominant. The deposits are well 
sorted. Sedimentary structures were not observed but well-
stratified, cyclically-bedded dep0sits have been observed in similar 
deposits in other locations in the Lake Bonneville basin (Feth and 
others, 1966). Thickness is variable from 0 meters (0 feet) at the 
basin margins to 27 meters (90 feet) nearer the valley center at the 
western edge of the quadrangle, with 18 meters (60 feet) being the 
average thickness in the western portion of the quadrangle as 
estimated from drill hole data (Plate 2). Drill hole data (Plate 2) 
indicate that these deposits are underlain by pre-Lake Bonneville 
alluvial and alluvial-fan deposits in most areas. In some areas 
these deposits are overlain by post-Lake Bonneville alluvial-fan 
deposits. The offshore deposits are predominantly fine grained 
sediments which settled out of suspension in the offshore areas of 
Lake Bonneville and thus represent the entire Bonneville lake cycle 
rather than just the Provo deposits. 
Nearshore Deposits.:.~ 
Provo Shoreline-stage nearshore deposits are located in sections 
15 and 22, T. 13 N., R. 1 E., and in sections 2 and 11, T. 12 N., R. 
1 E. These deposits form gentle slopes dipping at low angles towards 
the valley floor. An exposure in this unit was measured in the old 
Hyde Park 1 and f i 1 1 1 o ca te d in the NE 1/ 4 S \~ 1 / 4 NE 1 / 4 sec. 11, T. 12 
N., R. 1 E. (Appendix A, section 12). Grain size ranges from cobbles 
to fine sand with some silt and clay lenses. Individual beds within 
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the deposits are well sorted with clast roundness ranging from 
subangular to rounded. The deposits are wvll stratified and the silt 
and clay lenses are well laminated. Thickness of beds is quite 
variable. Total thickness is un!<nown but the above-mentioned 
exposure was 3.3 meters (10.7 feet) thick. Geometries range from 
sheet to prism. These deposits are inferred to be underlain by 
Bonneville offshore deposits and are overlain, in some areas, by 
post-Lake Bonneville alluvial-fan deposits. These nearshore deposits 
were probably more extensive, but have been covered by later deposits 
in most areas. Much of the evidence for the Provo Shoreline in the 
Smithfield quadrangle was destroyed during the construction of the 
Logan, Hyde Park, and Smithfield Canal which was built at the 
approximate elevation of the Provo Shoreline. These nearshore 
deposits form bars and shoreline embankments deposited when Lake 
Bonneville stood at the Provo Shoreline. 
Post-Provo Shoreline-stage older Holocene nearshore deposits are 
found in sections 23 and 26, T. 12 N., R. 1 E. where the deposits 
form shoreline embankments against the Provo Shoreline-stage Logan 
River delta. Grain size ranges from pebbles to sand with some 
cobbles. The deposits are well sorted and clast roundness ranges 
from subangular to subrounded. No vertical exposures in this unit 
were available so sedimentary structures and unit thickness are 
unknown. These deposits probably have a prism geometry. This unit 
is underlain by Provo offshore and deltaic deposits. In some areas, 
the unit is overlain by post-Lake Bonneville older Holocene alluvial 
fans. These nearshore sediments were deposited when Lake Bonneville 
stood at approximately 1,427.4 meters (4,680 feet). 
Thin Nearshore Deposits 
Over Pre-Lake Bonneville 
7i1Tuvial-fan Deposits.:. Qls3/Qaf 5 
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Thin Provo nearshore deposits over pre-Lake Bonneville alluvial-
fan deposits are located in sections 2, 3, 10, and 11, T. 12 N., R. 
1 E. primarily within the city limits of Hyde Park. The thin nature 
of th e se nearshore deposits is indicated by the large alluvial-fan 
boulders which are encountered during foundation excavations. There 
are probably some Bonneville offshore sediments between the two units 
but these nearshore sediments are quite thin as it appears the Hyde 
Park area comprised a low pre-Lake Bonneville mound. These nearshore 
deposits have been overlain in some areas by post-Lake Bonneville 
alluvial fans. All other characteristics are as described for Provo 
nearshore deposits. 
Thin Nearshore Deposits 
Over Pre-Lake Bonneville Non-
cfesfgnated Deposits.:. Qls;nfri"d5 
Thin Provo nearshore deposits over pre-Lake Bonneville non-
designated units are found in sections 15 and 22, T. 13 N., R. 1 E. 
Small to large boulders of quartzite, limestone, and dolomite are 
partially buried by Provo nearshore cobbles, pebbles, and sands. 
Other depositional characteristics are as described for Provo 
nearshore deposits. At this location the protrusion of Crow Mountain 
appears to have caused this section of beach to be relatively 
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sediment starved, perhaps due to a southward longshore current, which 
accounts for the thin deposits. 
Deltaic Deposits.:_ Qld3 
Provo Shoreline-stage deltaic deposits are found at the mouths of 
Smithfield Canyon, Hyde Park Canyon, and Logan Canyon. These are 
flat, triangular shaped landforms with the apex pointed towards the 
mouths of the canyons. The surfaces of these landforms slope at low 
angles towards the valley. Depositional characteristics were 
determined from a measured section and sample from the exposure 
located in the SH 1/4 NE 1/4 NE 1/4 sec. 26, T. 12 N., R. 1 E. 
(Appendix A, section 3, and Appendix B). Grain size ranges from 
cobbles to fine sand with some silt and clay lenses. The deposit is 
well sorted and clast roundness ranges from subangular to subrounded. 
The deposits are well stratified with some cross beds and imbricated 
pebbles. Thickness of the beds ranges from 10 to 45 cm. (4 to 18 
inches). Total thickness of the unit is not known but the exposure 
at the above mentioned location was 3.2 meters (10.5 feet) thick. 
The deposits have a tabular geometry. These deposits appear to be 
underlain by Bonneville nearshore and offshore deposits and are 
overlain in some areas by post-Lake Bonneville alluvial-fan deposits. 
These sediments were deposited by streams flowing into Lake 
Bonneville when it stood at the Provo Shoreline forming the deltaic 
land form. 
Post-Provo Shoreline-stage deltaic deposits are found in sections 
26 and 27, T. 13 N., R. 1 E. within the city limits of Smithfield. 
These sediments form flat platforms which dip towards the valley at 
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low angles. No vertical exposures in these sediments were available 
but depositional characteristics should be similar to Provo 
Shoreline-stage deltaic deposits. It is therefore inferred that 
grain size ranges from cobbles to medium sand with some silt and clay 
lenses, and that individual beds within the deposits are well 
stratified with some crossbedding. The deposits have a tabular 
geometry. Total thickness is unknown. These deposits are underlain 
by Provo nearshore, deltaic and offshore deposits and are overlain in 
some areas by post-Lake Bonneville younger Holocene alluvial-fan 
deposits. These sediments were deposited by Summit Creek into post-
Provo Shoreline stage Lake Bonneville when the lake stood at 1,427 
meters (4,680 feet). 
Terrace Deposits.:. Qat3 
Provo terrace deposits are found in sections 23 and 24, T. 13 N., 
R. lE., near the mouth of Smithfield Canyon on the south side of 
Summit Creek. These deposits are topographi ca 11 y higher than modern 
Summit Creek fluvial deposits and form a flat-topped embankment, the 
upper surface of which slopes slightly down stream. No vertical 
exposures were found in this unit but depositional characteristics 
should be similar to Bonneville terrace deposits. It is therefore 
inferred from Bonneville terrace deposits that grain size ranges from 
cobbles to coarse sand with some silt and clay lenses, the deposits 
are well sorted, clast roundness ranges from subangular to 
subrounded, and geometry is tabular. Total thickness is unknown 
because of the lack of exposures. These deposits are underlain by 
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Bonneville deltaic deposits and ~~e overlain in some areas by post-
Lake Bonneville alluvial-fan deposits. These are alluvial sediments 
deposited when Summit Creek was graded to the Provo Shoreline. 
Summit Creek has since incised into the deposit creating the terrace. 
Alluvial-fan Deposits.:. Qaf 3 
Provo alluvial-fan deposits are found in sections 1, 2, 11, 12, 
24, and 25, T. 12 N., R. 1 E. These deposits slope towards the 
valley at low angles, are concave-upward in longitudinal direction, 
and convex-upward in cross section. Depositional characteristics 
were determined from exposures located in the S 1/2 NW 1/4 NE 1/4 
sec. 24, T. 12 N., R. 1 E. (Appendix A, sections 4-7, and 9). Grain 
size ranges from large cobbles to clay, sorting is fair to poor, and 
clast roundness ranges from angular to rounded. Thickness is unknown 
but the deposits in section 6 (Appendix A) were 1.5 meters (4.75 
feet) thick and appear to have a wedge shaped geometry. These 
deposits are underlain by Bonneville nearshore and offshore deposits 
and are overlain by older and younger Holocene alluvial fans. These 
are alluvial-fan deposits which were graded to the Provo Shoreline. 
Thin Alluvial-fan Deposits 
Over Bonneville Offshore 
Deposits.:. Qaf 3/Qlb 4 
Thin Provo alluvial-fan deposits over Bonneville offshore 
deposits are found in sections 13 and 24, T. 12 N., R. 1 E. northwest 
of the mouth of Green Canyon. This is a valleyward dipping surface 
which is convex in profile. Grain size ranges from boulders to clay. 
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Sorting is poor and clast roundness ranges from angular to 
subrounded. Other depositiunal characteristics are as described for 
younger Holocene alluvial fans. Thickness of the deposit is 
difficult to estimat~ as the area has been extensively altered by 
man, but excavations indicate the original thickness was probably 
less than 3.05 meters (10 feet). These deposits ar e underlain by 
Bonneville offshore deposits and are overlain in some areas by post-
Lake Bonneville alluvial fans. The offshore deposits contain flow 
rolls and other soft-sediment deformation (Figure 7) which may 
indicate that an earthquake occurred when the sediments were sti 11 
wet. This map unit represents an alluvial fan or fan-delta which was 
graded to the Provo Shoreline and which formed a thin cap over 
Bonneville offshore sediments. 
Older Holocene Deposits 
Alluvial-fan Deposits..: Qaf2 
Post - Lake Bonneville older Holocene alluvial-fan deposits are 
found in sections 2, 3, 4, 11, 13, 14, 23, 24, and 26, T. 12 N., R. 1 
E. and sections 28, 29, 30, 31, 32, 33, and 34, T. 13 N., R. 1 E. 
These de posits have a fan shape in plan view with the apex pointed 
upstream. Upper surfaces are steepest at the apex and gradually 
de crea se in slope downstream. Depositional characteristics were 
det ermined from an exposure located in the NE 1/4 SE 1/4 NH 1/4 sec. 
24, T. 12 N., R. 1 E. Grain size ranges from cobbles to medium sand 
with some silt and clay lenses. The deposits are poorly to 
moderately sorted and clast roundness ranges from subangular to 
Scale 
One meter. 
Figure 7. Flow roll in Bonneville offshore sediments at the 
mouth of Green Canyon. This feature may indicate that an earthquake 
occurred when or shortly after the lake stood at the Bonne vi lle 
Shoreline, when these sediments were wet. 
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rounded. The deposits are stratified with some pebble imbrication 
and grain size slightly coarsens downward. The thickest exposed 
section of this unit was 1.5 meters (4.75 feet). Thickness elsewhere 
is unknown. Individual depositional events have shoestring 
geometries within the fan-shaped unit. These sediments are underlain 
by Provo deltaic and offshore sediments and are overlain in some 
areas by younger Holocene alluvial-fan deposits. 
Younger Holocene Deposits 
Natural-levee Deposits.:. Qdn1 
Post-Lake Bonneville younger Holocene natural-levee deposits are 
located in sections 17, 18, 19, 20, 29, 30, 31, and 32, T. 13 N., R. 
1 E. along the banks of the Bear River. These deposits are thickest 
near the channel bank and thin away from the river, creating a slight 
slope away from the river. Depositional characteristics were 
determined from a sample collected by digging below the soil profile 
in the SW 1/4 NW 1/4 NW 1/4 sec. 30, T. 13 N., R. 1 E (Appendix B). 
Grain size ranges from very fine sand to clay with a minor amount of 
fine and medium sand. The deposits are very well sorted. No 
vertical exposures in this unit were available so sedimentary 
structures are unknown. The deposits have a shoestring geometry. 
These sediments are underlain by Provo offshore deposits. These are 
post-Lake Bonneville younger Holocene overbank sediments deposited by 
the Bear River during flood stages forming a natural levee. 
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Alluvial Deposits::._ Qal 1 
Post-Lake Bonneville younger Holocene alluvial deposits are found 
in sections 17, 18, 19, 20, 29, and 30, T. 13 N., R. 1 E. along the 
incised drainage of the Bear River. These deposits form the 
floodplain of the Bear River. Depositional characteristics were 
determined from a sample collected by digging below the soil profile 
in the SW 1/4 SW 1/4 NW 1/4 sec. 30 T. 13 N., R. 1 E. (Appendix B). 
Grain size ranges from very fine sand to clay with a minor amount of 
fine to coarse sand. The deposit is well sorted. No vertical 
exposures in this unit were available so sedimentary structures and 
unit thickness are unknown. It is inferred that these deposits have 
a shoestring geometry similar to the map unit and that they are 
underlain by and are incised into Provo offshore deposits. These 
deposits are post-Lake Bonneville younger Holocene alluvial sediments 
deposited by the Bear River. 
Alluvial and Colluvial 
Deposits -Qac 1 
Post-Lake Bonneville younger Holocene alluvial and colluvial 
de posits are found along the axes of the incised drainages of Green 
Ca nyon, Dry Hollow, Hyde Park Canyon, Dry Canyon, Birch Canyon, and 
Smithfi e ld Canyon. These deposits fill the valley bottoms of thes e 
drainag e s. Grain size, determined from a sample collected by digging 
below the soil profile near the mouth of Green Canyon (Appendix B), 
ranges from cobbles to clay. Sorting ranges from moderate to poor 
and clast roundness ranges from subangular to subrounded. No 
vertical exposures in this unit were measured so sedimentary 
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structures and maximum unit thickness are unknown. These deposits 
are inferred to have a shoestring geometry similar to the 1nap unit. 
In some areas, these deposits are underlain by older Quaternary 
deposits and bedrock and are overlain by younger Holocene alluvial 
fans. These deposits were formed by a combination of alluvial and 
mass-wasting (landslides, debris flows, colluvium, slope wash, etc.) 
processes. 
Alluvial-fan Deposits_:_ Qaf 1 
Post-Lake Bonneville younger Holocene alluvial-fan deposits are 
found at the mouths of most canyons and gullies in the Smithfield 
quadrangle. This includes the Summ·it Creek alluvial fan which 
stretches across the quadrangle to the Bear River. These deposits 
dip towards the valley at low angles, are concave in longitudinal 
section, and are convex in cross section. A exposure in a gully was 
measured (Appendix A, section 15) and a sample taken for grain size 
analysis (Appendix B) from a gully at the mouth of Dry Canyon. Grain 
size ranges from large boulders (1.0 m. x 1.0 m. x 1.3 m. [4'x4'x5']) 
to clay. Sorting is fair to poor and clast roundness ranges from 
angular to subrounded. These deposits are poorly to moderately well 
bedded and there is some pebble imbrication. The maximum thickness 
of the unit is not known but the thickest exposure was 1.57 meters 
(5.5 8 feet). Individual beds within the deposit have shoestring or 
prism geometries. These deposits are underlain by older Quaternary 
deposits and bedrock. These deposits represent alluvial and debris-
flow sediments which have formed fans at the mouths of canyons and 
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gullies. 
Debris-flow Deposits.:. Qmf1 
Post-Lake Bonneville younger Holocene debris-flow deposits are 
found in section 36, T. 13 N., R. 1 E., and section 31, T. 13 N., R. 
2 E. on the south side of Dry Canyon, and in section 1, T. 12 N., R. 
1 E. on the south side of Hyde Park Canyon. These deposits represent 
small, thin, hummocky deposits. Depositional characteristics were 
determined from a sample collected by digging below the soil profile 
in the debris flow in section 1, T. 12 N., R. 1 E.(Appendix B). 
Grain size ranges from coarse sand to clay with clay predominant. 
The deposits are poorly sorted. Sedimentary structures and unit 
thickness are not knov-1n as no vertical exposures in this unit were 
available. It is inferred that these deposits have a tabular 
geometry. This unit is underlain by the Tertiary Salt Lake Formation 
and colluvium formed on it. The unit consists ofdebris-flow deposits 
derived from colluvium forming on the Tertiary Salt Lake Formation. 
Colluvial Deposits.:. Qmc1 
Post-Lake Bonneville younger Holocene colluvial deposits are 
found in section 36, T. 13 N., R. 1 E., and section 1, T. 12 N., R. 1 
E. where they form a thin cover over the Tertiary Salt Lake 
Formation. An exposure was measured (Appendix A, section 13) and 
grain size analysis (Appendix B) was performed on a sample from that 
exposure which is located in section 36, T. 13 N., R. 1 E. Grain 
size ranges from cobble to clay and the deposits are poorly sorted. 
Clast roundness ranges from subangular to rounded. These deposits 
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have a sheet geometry, but are often thicker in swales than on noses 
of r i d g e s. Tti ~ s e de po s i ts are under 1 a i n by t he Te rt i a r y Sa lt La k e 
Formation and are overlain in some areas by post-Lake Bonneville 
younger Holocene alluvial-fan deposits. These are post-Lake 
Bonneville younger Holocene coll uvial and slope-wash deposits which 
form a cover over the Tertiary Salt Lake Formation. Even thinner 
colluvium mantling slopes over bedrock units was not mapped. 
Landslide Deposits~ Qms1 
Post-Lake Bonneville younger Holocene landslide deposits are 
found in sections 13, 18, and 25, T. 13 N., R. 1 E. The three 
smaller landslides are debris slides in colluvium formed on the 
Tertiary Salt Lake Formation have arcuate head scarps but which have 
not completely failed. When they fail they will probably mobilize 
in t o debris flows and form deposits similar to post-Lake Bonneville 
younger Holocene debris-flow deposits described previously. A larger 
l a ndslide near White Horse Village in Smithfield Canyon appears to be 
a complex slump in Tertiary Salt Lake Formation. This landslide has 
form e d a series of flat ar e as below the arcuate scarp at its crown. 
This landslide is above the Bonneville Shoreline terrace in 
Smithfi e ld Canyon so relative age could not be determined. The head 
s c arp appe a rs to be relatively fresh, but the toe does not protrude 
into the vall e y, which might be expected if it were of late Holocene 
age . The internal structures within the deposits have been jumbled 
by the landsliding, as seen in road cuts at the toe of the White 
Horse Village landslide. Total thickness of these deposits are not 
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known but the landslide near White Horse village must be more than 
4.58 meters (15 feet) thick as determined from road cuts into the 
1 andsl i de. Geometries range from wedge to tabular. These deposits 
are underlain by the Tertiary Salt Lake Formation. 
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STRUCTURAL FEATURES 
GENERAL STATEMENT 
Galloway (1970) described the folds, thrust faults, slideblocks, 
and west-dipping surface in the Smithfield quadrangle and no attempt 
has been made to reinterpret these features which Galloway attributes 
to the Larimide Orogeny. Features related to normal faulting have 
been remapped and reinterpreted. 
NORMAL FAUL TS 
General Statement 
Normal faults within the Smithfield quadrangle trend northward 
along the eastern side of Cache Valley. These faults were mapped 
using both geologic and topographic evidence. A fault zone, rather 
than a single normal fault, is indicated in some areas. The valley 
(west) side is inferred to have dropped relative to the mountain 
(east) side in most instances, but a road cut east of Hyde Park 
indicates the east side dropped relative to the west side at that 
location. These normal faults will be discussed from south to north. 
No post-Lake Bonneville fault scarps were identified north of Green 
Canyon. This could mean that the East Cache fault zone is segmented 
and that the northern portion of the quadrangle has not had a surface 
fault rupture event as recently as the southern portion of the 
quadrangle. Answering this question is beyond the scope of this 
investigation as it would probable require extensive trenching. 
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Southern Boundary to Green Canyon 
Post-Lake Bonneville fault scarps with west side down have been 
mapped south of Green Canyon. These fault scarps offset a post-Provo 
Shoreline stage terrace in Logan Canyon and are covered at most 
locations by post-Lake Bonneville younger Holocene alluvial fans. 
The fault scarps are mapped in areas where Bonneville lacustrine 
deposits have not been covered by post-Lake Bonneville younger 
Holocene alluvial fans. The normal fault with west side down is 
inferred at other locations. In the southern part of the quadrangle 
the normal fault is about 305 meters (1,000 feet) from the mountain 
front, but converges with the mountain front just south of Green 
Canyon. 
Green Canyon to Beef Hollow 
No fault scarps were identified in this area of the quadrangle. 
The location of normal faults with west side down were inferred from 
topography. Lineaments on air photos in the northern portion of this 
section suggested a zone of faults in that location. 
Beef Hollow to Hyde Park Canyon 
No fault scarps were identified in this section, but a normal 
fault with the east side down was mapped in the SW 1/4 SW 1/4 NW 1/4 
sec. 2, T. 12 N., R. 1 E. where offset beds of pre-Lake Bonneville 
alluvial-fan deposits were exposed in a road cut (Figure 5). A zone 
of normal faults with the west side down is inferred, based on 
topography and air photo lineaments, where pre-Lake Bonneville 
pediments have been offset near the western edge of the Tertiary Salt 
55 
Lake Formation. A normal fault is also inferred, based on 
topography, along the western edge of the Paleozoic rocks in this 
sec ti on of the quadrangle. 
Hyde Park Canyon to Northern Boundary 
No fault scarps were identified in this area of the quadrangle. 
A zone of normal faults with the west side down has been inferred, 
based on topography and air photo lineaments, along the west side of 
the Tertiary Salt Lake Formation. Another normal fault with east 
side down is inferred, based on topography along the eastern edge of 
Round and Long Hills. 
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GEOLOGIC HISTORY 
GENERAL STATEMENT 
Although this study area is too small to give any comprehensive 
interpretation of the historical geology of the regL ,n, it does have 
many features which shed some light on the region's geologic history. 
Precambrian and Paleozoic geologic history has been previously 
described by l~illiams (1948, 1958), Gallo\vay (1970), and Hintze 
(1979). Tertiary geologic history has been described by Williams 
(1948, 1953), Adamson (1955), Adamson and others (1955), and Hintze 
(1979). Hhat follows is: 1) a brief summary of the pre-Quaternary 
ge ologic history of the northern Utah region, 2) a more extensive 
discussion of the Quaternary geologic history of the Bonneville 
basin, and 3) detailed interpretations of the Quaternary geologic 
history of the Smithfield quadrangle based on this study. 
SUMMARY OF PREQUATERNARY 
GEOLOGIC HISTORY 
Little is known about the Early Precambrian geologic history of 
the Cache Valley area (Hintze, 1979). During the Late Precambrian 
two geographic elements are recognized; the Northern Utah Highland 
and the Beltian geosyncline that lay east of the highland (Williams, 
1958 ). As the Paleozoic era opened, the Cambrian sea invaded the 
Cordilleran geosyncline from the southwest, inundating the Cache 
Valley area as Early Cambrian time came to a close (Hilliams, 1958). 
The Swan Peak Formation and the unconformity accompanying it 
represent the westward withdrawal of the sea throughout most of 
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Medial and part of Late Ordovician time (Williams, 1958). The Fisl1 
Haven Formation, ho~·ever, was deposited after another eastward marine 
transgression (Hintz·~, 1979). Marine and terrestrial episodes 
continued to alternate in the area until Cretaceous time (Hintze, 
1979). 
Folding and low-angle thrust faulting in the area probably 
started as early as Late Jurassic time and tectonic features created 
by this orogeny are found in the Bear River Range in the eastern 
portion of the Smithfield quadrangle (Galloway, 1970). Galloway 
(1970) attributes this folding and faulting to the Laramide Orogeny. 
The Laramide Orogeny continued throughout Cretaceous time as the 
retreat of the Late Jurassic sea was followed by the rise of the 
Mesocordilleran geanticline which elevated the Cache Valley area into 
mountains (Williams, 1948). The Cretaceous was the time of the last 
epicontinental sea in Utah which spread northwestward across the 
Texas plain, finally covering all of eastern Utah by early Late 
Cretaceous time (Hintze, 1979). As the Laramide Orogeny continued, 
accelerated uplift of the geanticline shifted the shoreline eastward 
(Williams, 1948). 
The growth of the great Laramide Mountains probably continued 
into the Tertiary period, but by early Eocene time diastrophism had 
subsided and the and deposition of the Wasatch Formation had began 
(Williams, 1948). When the orogeny had ceased, erosive agents were 
unopposed in their destruction and Cache Valley soon lay in a heavily 
alluviated piedmont area (Williams, 1958). Into this piedmont area, 
probably after long continued erosion, Cache Valley was born as a 
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sinking faulted area between adjacent blocks that continued to stand 
relatively high (Wi1liams, 1958). Thus, by late Eocene or early 
Oligocene time the maj0r topographic features which presently exist 
were in existence (Eardley, 1955). Since then streams have carried 
debris into the valley and continued diastrophism has repeatedly 
tilted and jumbled the valley fill, but has never reversed the 
initial pattern which lowered the valley area relative to the 
mountain blocks (Williams, 1958). Pliocene time was a period of 
major orogeny (Eardley, 1955). During this period, intermittent 
volcanism north of Cache valley contributed a great deal of sediment 
to an extensive lake, resulting in the deposition of the Cache Valley 
Member of the Salt Lake Formation (Eardley, 1955). At the valley 
edges, the Collingston Conglomerate Member of the Salt Lake Formation 
was deposited and intertongues with the Cache Valley Member (Eardley, 
1955). A period of block faulting followed the deposition of these 
members after which the Mink Creek Conglomerate Member of the Salt 
Lake Formation was deposited (Eardley, 1955). The 
Tertiary/Quaternary boundary in the subsurface, as shown on Plate 2, 
was inferred using concepts developed by Arnow and others (1970). 
QUATERNARY GEOLOGIC HISTORY 
At the start of the Quaternary Period, Cache Valley probably 
resembled its present configuration. All of the major tributary 
systems were probably established by this time. Normal faulting 
modified the landscape to some extent during the Quaternary, but 
never was the pattern of valley lowering relative to the mountains 
reversed. Lake Bonneville was the major landscape altering event 
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during the Quaternary as the valley was filled with lake sediments 
and lacustrine geomorphic features were established. 
The Smithfield quadrangle is too small an area to make 
significant interpretations about its geologic history without an 
understanding of the regional geologic history. The following 
section provides a brief summary of the regional Quaternary geologic 
history as described by previous workers. Features in the Smithfield 
quadrangle will then be interpreted based on the regional geologic 
history. 
Summary of the Regional 
Quaternary Geologic History 
During early Pleistocene time deposition of fanglomerates ceased, 
probably due to cessation of faulting and a culmination of deposition 
of alluvial fans (Eardley, 1955). Subsequent erosion in a 
comparatively short time produced a pediment on these weaker rocks, 
which extended mountainward onto the Paleozoic rocks (Williams, 
1948). Subsequent movement on outer branches of the boundary faults 
then truncated the pediment surface and provided the present low base 
level for the valley streams, which dissected the pediments 
(Williams, 1948). Sediments from these dissected pediments were 
forming alluvial fans when the Pleistocene pluvial lakes made their 
appearance and transgressed both the dissected pediments and the 
still growing alluvial fans (Eardley, 1955). 
Three major lacustrine cycles with interlacustrine episodes 
between them have been identified in the Bonneville basin as shown in 
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Figure 8 (Scott and others, 1983, Oviatt and others, in press). The 
oldest lacustrine cycle is called the Little Valley lake cycle, the 
next oldest is called the Cutler Dam lake cycle, and the youngest 
lacustrine episode is called the Bonneville lake cycle (Scott and 
others, 1983). Sequences of subaerial deposits and soils record 
interlacustrine cycles when the lakes were either nonexistant or 
smal 1 (Morrison, 1965b). 
Little Valley Lake Cycle 
The Little Valley lake cycle occurred sometime between 90,000 and 
150,000 years before present (Scott and others, 1983). Deposits 
assigned to the Little Valley lake cycle are only locally exposed and 
have been identified mainly by amino acid tests and thermoluminesence 
dating, although relations to overlying soils and unconformities have 
been used at some locations lacking suitable materials for amino acid 
analysis (Scott and others, 1983). The type locality is in Little 
Valley, Utah (McCoy, 1987). Because the record of this lake cycle is 
so fragmentary, few details are known about its history (Scott and 
others, 1983). The highest known deposits of the Little Valley lake 
cycle are at elevations of about 1,510 meters (4,983 feet)(Scott and 
others, 1983). These deposits range in altitude from about 42 to 120 
meters (139 to 393 feet) below the local altitude of the Bonneville 
Shoreline, the highest level reached during the Bonnevil l e lake cycle 
(Scott and others, 1983). 
Cutler Dam Lake Cycle 
The Cutler Dam 1 ake cycle occurred some ti me between 40,000 and 
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80,000 years ago (Oviatt and others, in press). Cutler Dam lake 
cycle deposits have not been identified in Cache Valley, and it is 
not known if this lake cycle reached elevations necessary to inundate 
the valley. Work on this lake cycle is in preliminary s ~~ges. 
Bonneville Lake Cycle 
The Bonneville lake cycle is the name given to the lnst lake 
cycle in the Bonneville basin (Scott and others, 1983). Currey and 
Oviatt (1985) have made a detailed analysis of radiocarbon dates from 
the Bonneville basin and Figure 9 reflects their interpretations of 
Bonneville lake cycle history. Elevations given are pre-isostatic 
rebound elevations (Currey and Oviatt, 1985). Isostatic rebound has 
elevated the shorelines by differing amounts at different locations 
in the Bonneville basin (Crittenden, 1963). Prior to about 32,000 
years before present (A of Figure 9) the Great Salt Lake basin was 
occupied by an ephemeral shallow saline lake or playa (Currey and 
Oviatt, 1985). The transgressive phase of Lake Bonneville then began 
and by about 23,000 years before present (B of Figure 9) the lake had 
reached the Stansbury Shoreline, at an elevation of about 1,372.5 
meters (4,500 feet)(Currey and Oviatt, 1985). 
Currey and Oviatt (1985) indicate the lake continued in its 
transgressive phase, with some minor still stands and oscillations, 
until about 16,400 years before present (C of Figure 9). At this 
time after about 16,000 years of intermittent expansion as a closed-
basin hydrologic system, the culminating rise brought Lake Bonneville 
to external threshold control on its divide with the Snake River -
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Figure 9. Hypothetical time - altitude diagram of Lake 
Bonn e ville history, 32,000 to 10,0 00 years ago (adapted by Lowe, 
198 7 , from Currey and Oviatt, 19 85). Letters refer to Bonneville 
la ke cycle events. Numbers show time periods represented by 
stratigraph i c terms us ed in this report. This figure is for 
illustration purposes only. Data will not match Smithfield 
Quadrangle shoreline elevations as it has been corrected for 
isostatic rebound. 
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Columbia River basin, in southeastern Idaho (Currey and Oviatt, 
1985). The controlling threshold was at about 1,547 meters (5,072 
feet) above sea level, in a broad pass floored by Quaternary alluvial 
fans overlying Tertiary tuffaceous beds, near the present hamlet of 
Zenda, where this threshold control persisted at least intermittently 
for about 500 years creating the Bonneville Shoreline (Currey and 
Oviatt, 1985). A major drop in lake level from the Bonneville 
Shoreline to about 1,509.1 meters (4,948 feet)(D of Figure 9), the 
Keg Mountain oscillation, occurred between about 15,900 and 15,000 
years before present (Currey, and Oviatt, 1985). This drop in water 
level is attributed to climate and lasted for about 900 years (Currey 
and Oviatt, 1985). 
In completing the Keg Mountain oscillation, the lake rose to an 
overflowing stage at the Zenda threshold for a final time (E of 
Figure 9) about 15,000 years ago (Currey and Oviatt, 1985). At this 
time the Bonneville flood (F of Figure 9) was unleashed into the 
drainage of the Snake and Columbia Rivers (Currey and Oviatt, 1985). 
The regressive phase of the Bonneville lake cycle began as the Zenda 
threshold was destroyed by about 108 m. (355 feet) of downcutting and 
3 Km. (9,836 feet) of headward erosion, probably in less than a year 
(Currey and Oviatt, 1985). 
At the conclusion of the geologically instantaneous flood, Lake 
Bonneville 1vas under control of a new external threshold in the 
vicinity of what is now Red Rock Pass and cut the Provo Shoreline at 
about 1,444.8 meters (4,737 feet) above sea level (G of Figure 9) 
(Currey and Oviatt, 1985). This threshold controlled lake levels for 
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about 1,000 years, with minor fluctuations caused by periods of 
landsliding and erosion at the threshold (Currey, and Oviatt, 1985). 
Following a climate-forced reversion to closed-basin hydrology about 
14,000 years before present, the lake regressed steadily from the 
Provo Shoreline to at least as low as 1,261.8 meters (4,137 feet)(H 
of Figure 9) in approximately 2,500 years (Currey and Oviatt, 1985). 
After about 10,920 years before present, a water body that was 
transitional between Lake Bonneville and the Great Salt Lake expanded 
to the Gilbert Shoreline (I of Figure 9) which has an elevation of 
about 1,290.2 meters (4,230 feet) above sea level (Currey and Oviatt, 
19 8 5). This climate-induced rise lasted about 1,000 years, with a 
mi nor osci 11 ati on ( Currey and Oviatt, 1985). Climate-induced 
regression then continued and the lake has not risen to the Gilbert 
Shoreline since (Currey and Oviatt, 1985). Historic Great Salt Lake 
has not risen above 1,284.7 meters (4,212 · feet) above sea level. 
Quaternary Geologic History of 
the Smithfield Quadrangle 
Early Quaternary time was a period of pediment formation. 
Pediments are found in the central and northern portion of the 
Smithfield quadrangle at locations identified in the Stratigraphy 
section. These pediments have been offset by at least one episode of 
valley-side down normal faulting. The evidence for this normal 
faulting is found in the central portion of the quadrangle between 
Beef Hollow and Hyde Park Canyon \~here there are now two levels of 
pediment surfaces. Drainages have since incised into the pediments. 
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Whether this incision reflects a lowered base level due to normal 
faulting or responses to lake level changes is unknown. 
Pre-Little Valley lake cycle sediments were deposited in Cache 
Valley; the evidence for this is found in some of the deeper water 
well logs in the valley below the stratigraphic sequences labelled B 
(Plate 2). Clay sequences in this section of the logs may represent 
lak e cycles which occurred in Cache Valley even earlier than the 
Little Valley lake cycle. Coarser-grained sequences represent 
periods of alluvial-fan deposition, which may have occurred in 
response to a 1 owered base 1 evel when the pediments were offset by 
norm a 1 faulting. Neither of the deposits are exposed at the surface 
in the Smithfield quadrangle. 
Cache Valley was occupied by a pre-Bonneville lake cycle lake 
which is tentatively correlated with the Little Valley lake cycle. 
No amino acid dates were available to confirm the correlation. 
Evidence for this lake cycle is found in some of the deeper water 
well logs in the valley in the stratigraphic sequences labelled as B 
on Plate 2. These deposits are up to 80 feet thick (Cross-section 
A), but are not exposed at the surface in the Smi thfi e 1 d quadrangle. 
Post-Little Valley lake cycle alluvial and alluvial-fan sediments 
were deposited in Cache Valley after the recession of Little Valley 
lake cycle lakes. Evidence for these deposits is found in the deeper 
water wells in Cache Valley in the stratigraphic sequences labelled 
as A on Plate 2. These deposits are up to 60 feet thick (Cross-
section B). These deposits are exposed in a road cut in section 12, 
T. 12 N., R. 1 E. (Figure 5). No radiocarbon or amino acid dates 
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were obtained from these sedimen".s during this investigation. 
With the onset of the Bonneville lake cycle, lacustrine sediments 
were once again deposited in Cache Valley. Although the floor of 
Cache Valley has areas which are below 1,373 meters (4,500 feet) in 
elevation, no shorelines or shoreline deposits corresponding to the 
Stansbury Shoreline have been identified. Cache Valley may not have 
shared Salt Lake Valley's history in the early stages of the 
Bonneville lake cycle. If shoreline features were formed at this 
time, they were probably reworked and destroyed during the recession 
from the Provo Shoreline. 
The earliest deposits identified as being part of the Bonneville 
lake cycle transgression form a wave-built terrace found just east of 
Hyde Park at an elevation of approximately 1,503.7 meters (4,930 
feet). Bonneville transgressive shorelines with little or no 
deposits can be seen at many locations and elevations between the 
Provo and Bonneville shorelines. These features were preserved 
because of the rapid drop in lake level from the Bonneville Shoreline 
to the Provo Shoreline, which occurred after the destruction of the 
Zenda threshold and prevented the lake from reworking and destroying 
these features. 
Bonneville Shoreline features are found at many locations in the 
Smithfield quadrangle at an elevation of approximately 1,564.7 meters 
(5,130 feet). No radiocarbon or amino acid dates from these 
sediments were obtained during this investigation. The shoreline is 
well developed with both constructional and erosional features. Two 
levels of Bonneville Shoreline bars are found just south of the mouth 
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of Dry Canyon. It is not known hhether the lower bar is an earlier 
transgressive bar reflecting a stillstand just before the l2ke 
reached the Zenda theshol ct, or if it is a feature related to the Keg 
Mountain oscillation. Bonneville deltaic deposits are found at the 
confluence of Birch Creek and Summit Creek. Bonneville deltaic 
deposits at other locations in the Smithfield quadrangle were 
probably deposited farther up the canyons and reworked while the lake 
stood at the Provo Shoreline. No features related to the Bonneville 
flood were identified in the Smithfield quadrangle, but there are 
transgressive shorelines between the Bonneville and Provo shorelines 
which were not reworked and therefore indicate that the drop in water 
levels between those shorelines during the flood must have occurred 
over a relatively short period of time. Transgressive shoreline 
features below the Provo Shoreline were reworked and destroyed during 
the much slower climatically-controlled drop from that shoreline. 
Soft-sediment deformation in fine-grained Bonneville offshore 
sediments near the mouth of Green Canyon (Figure 6) may indicate an 
earthquake event when, or shortly after, Lake Bonneville stood at the 
Bonneville Shoreline. Feth and others (1966) have attributed similar 
soft-sediment deformation in the Ogden, Utah area to earthquakes. 
Provo Shoreline features have been identified north of Summit 
Creek at elevations of approximately 1,464 meters (4,800 feet). The 
shoreline was probably also cut at this elevation in other locations 
in the quadrangle, but construction of the Logan, Hyde Park, and 
Smithfield Canal disturbed those shoreline features not covered by 
post-Lake Bonneville alluvial fans. Provo deltaic sediments are 
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found at the mouths of Logan Canyon, Hyde Park Canyon, and Smithfield 
Canyon. No amino acid or radiocarbon dates from these sediments were 
obtained durin 0 this investigation. 
Post-Provo nearshore and deltaic features are found along the 
eastern margins of Provo deltas formed by the Logan River and Summit 
Creek at elevations of about 1,427.4 meters (4,680 feet). These 
deposits indicate that a still stand during the regression from the 
Provo Shoreline occurred at this elevation. Because all 
transgressive shoreline features below the Provo Shoreline were 
destroyed during the regression, it can be assumed that the 
regression from the Provo Shoreline under climatic control was fairly 
slow. The entire Smithfield quadrangle is above the elevation of the 
Gilbert Shoreline, so no features related to this still stand are 
present in the quadrangle. 
Post-Lake Bonneville time is represented primarily by alluvial-
fan deposition. Two different ages of alluvial fans have been 
identified in this study in the Summit Creek and Green Canyon areas 
of the Smithfield quadrangle, but it should be recognized that 
alluvial-fan deposition was probably constantly occurring during 
post-Lake Bonneville time. The older map unit represents earlier 
areas of deposition on the same fan as the younger map unit, and the 
age classification was determined primarily by using topographic 
differences and cross-cutting relationships. No radiocarbon or amino 
acid dates were obtained from these units to aid in determining 
temporal relationships. Post-Lake Bonneville normal faulting has 
occurred at least onc e in the Smithfield quadrangle. These faults 
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offset post-Provo Shoreline stage terraces in the Logan 7.5 Minute 
quadrangle, but are largely buried by post-Lake Bonneville alluvial 
fans in the Smithfield quadrangle (Swan and others, 1983). The age 
relation s hips of these faults will be discussed further in the 
Geologic Hazards section which follows. 
71 
GEOLOGIC HAZARDS 
GENERAL STATEMENT 
Geologic hazards affecting the Smithfield quadrangle include 
potential flooding, landslides (flows, slides, and falls), problem 
soils, high ground water, and seismic hazards. This study considers 
geologic hazards on a quadrangle-wide scale and is not meant to take 
th e place of site-specific investigations which should be conducted 
prior to future development in potentially hazardous areas. 
FLOODING 
A flood is defined as the stage or height of water above some 
datum such as the banks of the normal river channel (Costa and Baker, 
1981). In the Smithfield quadrangle, floods occur in response to 
cloudburst storms or rapid spring snowmelt and runoff, with the most 
serious flooding usually occurring along tributaries from major 
canyons. One of the largest cloudburst-generated floods in the 
Smithfield quadrangle occurred along Summit Creek on June 6 and 7, 
1964, when over 2 inches of rain in 24 hours was recorded at Logan, 
Utah (Butler and Marsell, 1972). Other cloudburst floods in Cache 
Valley were reported on July 24, 1923; May 10, 1947; September 15 and 
16, 1963; and August 3, 1969 (Butl er and Marsell, 1972). Storm-
related floods also occurred in 1980, 1981, (Utah Division of 
Comprehensive Emergency Managment, 1981) and 1983. 
Seasonal flooding related to snowmelt and runoff has also been 
documented along local streams. Snowmelt flooding was experienced 
during the spring of 1983 with damage including the destruction of 
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several bridges and general scour and undercutting of embankments, 
culverts, bridges, and roads (Christenson, 1983). Snowmelt flooding 
also occurred in Cache Valley during the springs of 1985 and 1986. 
The potential 100-year flood-plains in the Smithfield quadrangle 
have been mapped on Federal Insurance Administration Flood Hazard 
Boundary Maps for unincorporated Cache County (Federal Insurance 
Administration, 1981), and Federal Insurance Administration Flood 
Insurance Rate Maps for the City of North Logan (Federal Insurance 
Administration, 1986a), the City of Smithfield (Federal Insurance 
Administration, 1986b), and the City of Hyde Park (Federal Insurance 
Administration, 1980). These maps can be obtained from the Cache 
County Planning Department in Logan, Utah. 
LANDSLIDES 
Mass movements involve the downslope movement of rock and/or 
surficial material en masse under the influence of gravity (Costa and 
Baker, 1981). The term landslide, as used in this report, includes a 
broad range of slope movements wherein shear failure occurs along a 
specific surface or combination of surfaces (Schuster, 1978). Figure 
10 shows the landslide classification and terminology used for this 
study. 
Flows 
Flow movements occur in materials that vary from huge blocks of 
rock to clay; water contents that range from dry to extremely wet; 
and velocities that range from just above creep to hundreds of meters 
per second (Costa and Baker, 1981). The most common type of flow 
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Varnes, 1978). 
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which occurs in the Smithfield quadrangle is debri, flow. Debris 
flows contain 20 to 80 percent particles which are coarser than sand 
{Costa and Baker, 1981). A large component of alluvial fans is 
debris-flow material. Figure 4 shows a debris-flow levee constructed 
by debris-flow events along the drainage located in the SE 1/4 sec. 
24, T. 12 N., R. 1 E., about one-half mile south of Green Canyon. 
Figures 11 and 12 show a debris-flow component of an alluvial fan in 
section 25, T. 13 N., R. 1 E., which was probably generated by the 
landslide shown in Figure 13. All younger Holocene alluvial-fan 
surfaces in the Smithfield quadrangle should be considered debris-
flow hazard areas unless site-specific investigations indicate 
otherwise. Incision of modern streams and construction of ret ention 
structures and canals may modify the areas at risk on modern alluvial 
fans. Debris flows containing more than 50 percent water by volume 
are called debris floods (Wieczorek and others, 1983). Debris floods 
from Dry Creek in the spring of 1983 reached the Logan, Hyde Park, 
and Smithfield Canal (south of 300 South Street), although most of 
the coarser debris wa s dropped before entering the canal 
(Christenson, 1983). Earth flows occur in material that is 
predominantly fine-grained. This type of flow would likely be 
associated with any slumps occurring in Bonneville offshore deposits. 
Debris flows have occurred in colluvium deposits associated with the 
Tertiary Salt Lake Formation and these deposits are shown on Plate 1 
in section 36, T. 13 N., R. 1 E., in section 31, T. 13 N., R. 2 E., 
and in section 1, T. 12 N., R. 1 E. 
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Figure 11. Debris-flow component of an alluvial fan (foreground 
near fence) located in the SW 1/4 sec. 25, T. 13 N., R. 1 E. Note 
rock slump in left-center background which is located in the SE 1/4 
SW 1/4 SW 1/4 sec. 25, T. 13 N., R. 1 E. The arrow shows direction 
of movement. The rock slump is located one canyon north of the 
canyon which generated the debris flow. 
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Figure 12. Debris-flow component (foreground) of an alluvial fan 
located in the SW 1/4 sec. 25, T. 13 N., R. 1 E. Note large rock 
slump in center of background which is located in SH 1/4 NW 1/4 SW 
1/4 sec 25, T. 13 N., R. 1 E. The arrow shows direction of movement. 
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Figure 13. Debris slump which occurred above the drainage on the 
south side of the older rock-slump mass shown on Figure 12. The 
arrow shows direction of movement. This debris slump probably 
occurred much 1 ater than the rock slump and may have generated the 
debris flow component of the alluvial fan shown in Figures 11 and 12. 
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Slides 
Slides are of two general types: rotational slides have a curved 
surface of rupture and produce slumps by their backward rotational 
movement; translational slides have a relatively flat, planar surface 
of movement along one or several surfaces (Costa and Baker, 1981). 
Many mass movements that begin with slumping at their headcuts will 
often change to planar sliding or flowage further downslope (Costa 
and Baker, 1981). Slides in the Smithfield quadrangle include rock 
slumps, earth slumps, debris slumps, and debris slides. 
Rock Slumps 
Rock slumps have been mapped in section 25, T. 13 N., R. 1 E., 
and section 18, T. 13 N., R. 2 E. The rock slump in the SE 1/4 SYI 
1/4 S~J 1/4 sec. 25, T. 13 N., R. 1 E. (Figures 11 and 14) shows 
evidence of a later debris slump occurring within the landslide mass 
(Figure 13). Bedrock outcrops vii thin the landslide mass have been 
s e v e r e l y b r o k e n u p by l a n d s l i d i n g • T he r o c k s 1 u m p i n t he S W 1/ 4 N I~ 
1/4 SW 1/4 sec. 25, T. 13 N., R. 1 E. (Figure 12) is somewhat larger 
than the landslide shown in Figure 11 and may have included a 
translational component. The rock slump in the SW 1/4 sec. 18, T. 13 
N., R. 2 E. (Figure 15) is a complex slump which has formed a series 
of flat areas on which White Horse Village has been built. All of 
these rock slumps occurred in the Tertiary Salt Lake Formation. 
Earth Slumps 
An earth slump, primarily involving Bonneville offshore sediments 
l1as been mapped in the SE 1/4 NE 1/4 sec. 23, T. 13 .N., R. 1 E. 
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F i g u r e 14 • Ro c k s 1 u m p i n t h e S E 1/ 4 S \~ 1/ 4 S H 1/ 4 s e c • 2 5 , T • 13 
N., R. 1 E. Arrow shows direction of movement. 
Figure 15. Complex rock slump, located in the S\·I 1/4 sec. 18, T. 
13 N., R. 2 E., on which White Horse Village has been constructed. 
Note the white main scarp located in the shado,vs in the background 
just above right-center as marked by the intersection of the arrows. 
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(Figure 16). Alluvial deposits possibly related to the Provo 
Shoreline appear at the toe of the slide in an undeformed terrace 
indicating that the slump may have occurred prior to the retreat from 
the Provo Shoreline about 13,500 years ago (Christenson, 1983). 
Debris Slides 
Debris slides have been mapped in the NE 1/4 NW 1/4 NE 1/4 sec. 
18, T. 13 N., R. 2 E., in the NE 1/4 NW 1/4 NW 1/4 sec. 18, T. 13 N., 
R. 2 E. , a n d i n t he S E 1/ 4 N W 1/ 4 S ~/ 1 / 4 s e c • 2 5 , T. 13 N • , R. 1 E • 
(Figures 17 and 18). These debris slides have formed in the thin 
colluvium covering the Tertiary Salt Lake Formation. 
Landslide Susceptibility 
Landslide susceptibility maps have not been completed for the 
Smithfield quadrangle and the production of landslide susceptibility 
maps was beyond the scope of this study. It is noted, however, that 
landslides in the Smithfield quadrangle occur primarily in the 
Tertiary Salt Lake Formation, in colluvium formed on the Tertiary 
Salt Lake Formation, and in Gonneville offshore sediments. Only 
steeper slopes in these formations appear to be susceptible to 
failure. It is therefore recommended that site-specific 
investigations be conducted prior to approval of any development 
located on the above mentioned materials in areas where the slopes 
are steep. 
Fa 11 s 
Several areas of potential rock-fall hazard were identified 
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Figure 16. An earth slump, primarily involving Bonneville 
offshore sediments, located in the SE 1/4 NE 1/4 sec. 23, T. 13 N., 
R. 1 E. The arrow shows direction of movement. 
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Figure 17. Debris slide located in the SE 1/4 NH 1/4 SH 1/4 sec. 
25, T. 13 N., R. 1 E. The arrow shows direction of movement. 
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Figure 18. Close-up of the debris slide shown in Figure 17 
located in the SE 1/4 NW 1/4 SW 1/4 sec. 25, T. 13 N., R. 1 E. 
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during field mapping for this study. Because the identHication of 
areas with rock-fall hazard was not the nHin goal of this study, it 
should not be inferred that all rock-fall hazard areas have been 
identified. Areas of potential rock-fall hazard wer e noted below an 
outcrop of Cambrian St. Charles Formation near the center of section 
25, T. 12 N., R. 1 E. (Figure 19), below an outcrop of Cambrian 
Bloomington Formation in the SE 1/4 NW 1/4 SE 1/4 sec. 24; T. 12 N., 
R. 1 E. (Figure 20), below Tertiary Salt Lake Formation outcrops 
above the north side of the Hyde Park Canyon drainage, and below the 
brecciated outcrops of Tertiary Salt Lake Formation in the rock-slump 
mass in the SE 1/4 S~~ 1/4 SW 1/4 s e c. 25, T. 13 N., R. 1 E. (Figure 
13 ). Site - specific ro c k-fall studies should be completed prior to 
a ny development below steep slopes containing bedrock outcrops or 
perched boulders. Rock-fall hazards are likely to be greatest during 
earthquake events. 
PROBLEM SOILS 
Problems related to soils in the Smithfield quadrangle ar e most 
likely to occur in soils cont a ining clays with a mod e rate to high 
shrink-swell potential. Erickson and Mortens e n (1974) mapped several 
soils in the Smithfield quadrangle with a high shrin k-S\1/ell 
potential. These soils are primarily found in offshore silts and 
clays (Qlb 3) near the valley center. It is beyond the scope of this 
investigation to attempt to identify these soils with a high shrink-
swell potential in a more detailed fashion than was accomplished by 
Erickson and Mortensen (1974). No documented problems with 
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Figure 19. Rock-fa 11 hazard area be 1 ow the outcrop of Cambrian 
St. Charles Formation, located near the center of section 25, T. 12 
N., R. 1 E., is shown in background near top-right of photo. Dashed 
line shows approximate area -of rockfall hazard. 
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Figure 20. Rock-fall hazard area below the outcrop of Cambrian 
Bloomington Formation located in the SE 1/4 NW 1/4 SE 1/4 sec. 24, T. 
12 N., R. 1 E. is shown near center of photo. Dashed 1 i ne shows 
approximate area of rock-fall hazard. 
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collapsible soils were noted during the course of this investigation. 
Detrimental effects caused by construction on problem soils are best 
avoided by conducting soils and foundation studies prior to 
development. 
SHALLOW GROUND WATER 
Shal 1 ow ground water has been mapped by Bjorklund and McGreevy 
(1971). It should be noted, however, that due to the wet cycle of 
recent years the water table is probably higher than in 1966 when 
Bjorklund and McGreevy (197i) collected their data. The principal 
zone of shallow ground water occurrence is in the vicinity of, and 
west of, springs and flowing wells in the western portion of the 
Smithfield quadrangle. Certain soil types, principally clean sands, 
react adversely to seismic ground shaking if saturated (Christenson, 
1983). These problems will discussed later in this report under the 
heading of liquefaction. An updated shallow ground-water map will be 
produced as part of a liquefaction study which is currently being 
conducted for Cache County by the Utah State University Department of 
Civil and Environmental Engineering (Anderson, L. R., oral 
communication, July 16, 1986). 
SEISMIC HAZARDS 
The Smithfield quadrangle is in a seismically active area. 
Hazards from earthquakes in the Smithfield quadrangle include ground 
shaking, surface fault rupture, differential settlement and/or 
subsidence, liquefaction, and earthquake-generated mass movements. 
The pri nc i pal zone of surface faulting in the Smithfield quadrangle 
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is the East Cache fault zone. Not all earthquake hazards in the 
quadrangle will be caused by movement along this fault zone, however. 
A plot of earthquake epicenters (Richter magnitude 2.0 or greater) in 
the Cache Valley-Bear River Range area from 1850 to September 30, 
1983 is shown on Figure 21; the data for this map are from the 
University of Utah Seismograph Station Catalog of earthquakes in Utah 
( as referenced in Christenson, 1983). Three earthquakes of Richter 
magnitude 4.0 or greater are shown on Figure 21. The largest 
earthquake recorded in the area occurred on August 30, 1962 and had 
an epicenter in the Bear River Range northeast of Richmond, Utah, in 
southern Idaho (Christenson, 1983). The Richter magnitude of the 
1962 earthquake was 5.7 (Swan and others, 1983). Because of its 
magnitude and proximity to populated areas, this earthquake, which 
had a maximum Modified Mercalli intensity of VII, was the most 
damaging in Utah history (Christenson, 1983). Other earthquakes of 
Richter magnitude 4.0 or greater, in the Cache Valley area, occurred 
in 1923 and 1964. 
Ground Shaking 
Hazards from ground shaking are produced by propagation of large-
amplitude seismic waves at the earth's surface (Gill and Lund, 1984). 
The extent of property damage and 1 oss of 1 i fe in an earthquake are 
determined by several factors including: strength of seismic waves 
reaching the surface (horizontal accelerations are the most 
damaging), the frequency and duration of ground shaking, ground-
motion amplitude, proximity to fault zones or epicenters, foundation 
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Figure 21. Loc ation of earthquake epicenters of Richter 
magnitude 2.0 or greater in the Cache Valley area, 1850 through 
September, 1983 (from Chr ist e nson, 1983). 
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11aterial s, and building design (Costa and Baker, 1981). Duration of 
ground shaking may be the most important parameter (Costa and Baker, 
1981). Not all factors related to earthquakes affecting the 
Smithfield quadrangle are known, but some of these factors warrant 
discussion. 
Proximity 
As can be seen from Figure 21, earthquakes have been generated 
from many locations in the Cache Valley area. The largest magnitude 
events, however, are likely to accompany surface-faulting events on 
Quaternary faults such as the Wasatch and East Cache fault zones. 
Part of the East Cache fault zone lies within the Smithfield 
quadrangle, and therefore surface faulting along this fault zone 
probably represents the greatest ground-shaking hazard to the study 
area, although it should be noted that recurrence intervals along the 
Wasatch fault zone are shorter (Schwartz and Coppersmith, 1984) and, 
therefore, earthquakes generated along the Wasatch fault zone are 
more likely to occur. 
Magnitude 
If the amount of displacement per event is known, the empirical 
relationship between the logarithim of maximum displacement and 
earthquake magnitude can be used to estimate the size of past 
earthquakes which caused surface rupture (Swan and others, 1983). 
Estimates of the net vertical tectonic displacement for each of the 
past two surface faulting events on the East Cache fault zone in the 
Logan area are about 1.4 meters (Swan and others, 1983). Swan and 
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ethers (1983) calculated that displacements of 1.4 meters are 
associated with magnitude Ms L8 earthquakes. Additional data 
indicate that surface faulting events associated with earthquakes in 
the magnitude range of Ms 6 1/2 to Ms 7 1/4 have occurred repeatedly 
along the East Cache fault zone at Logan, Utah (Swan and others, 
1983) • 
Some Other Parameters 
As shown on Figures 22 and 23, the Logan area and the Smithfield 
quadrangle have the potential to be subjected to peak bedrock 
accelerations and velocities of more than 0.20 g and 10 cm/s 
respectively, with a probability of nonexceedence of 90 percent 
during an exposure ti me of 50 years (Algermissen and Perkins, 1976, 
Hays and King, 1984). In unconsolidated surficial material, 
earthquake vibrations last longer, and the wave amplitudes are 
greater, causing more shaking than on bedrock (Costa and Baker, 
1981). The ground-shaking hazard is greatest for sites underlain by 
thick, fine-grained silts and clay because they amplify ground motion 
in some period bands by as much as a factor of ten (Hays and King, 
1984). These period bands commonly coincide with the natural periods 
of vibration of 2 to 7 story buildings (Hays and King, 1984). 
Ground-Shaking Hazard Mitigation 
The best way to manage the ground-shaking hazard, which affects 
virtually the entire Smithfield quadrangle, is to construct buildings 
which are resistant to ground-shaking damage. Although few 
epicenters have been centered along mapped traces of the East Cache 
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Figure 22. Map of the probabilistic bedrock peak horizontal 
grou nd acceleration (percent gravity). There is a 90 per ce nt 
probability that the accelerations will not be exceeded in a 50-year 
time span (from Algermiss e n and Perkins, 1976). 
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Figure 23. Map of the probabilistic bedrock peak horizontal 
ground velo c ity (cm/sec.). There is a 90 percent probability that 
th e velocities will not be exceeded in a SO-y ear time span (from 
Algermissen and Perkins, 1976). 
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f~ult zone since 1850, geologic evidence (Swan and others, 1983) 
indicates that this fault zone is capable of generating earthquakes 
much larger than any that have occurred during historic time 
(Christenson, 1983). For these reasons, the area is in the Uniform 
Building Code seismic zone 3 in which earthquakes of Modified 
Mercalli intensity VIII and higher (Table 3) may occur and would 
cause damag e (Christenson, 1983). All future construction should 
conform to Unified Building Code standards for seismic zone 3 with 
monitoring by regulatory agencies as recommended by the Utah Seismic 
Sa fety Advisory Council (1979) for their seismic zone U-4 
( Chr i stenson, 1983). 
Sur fac e Fault Rupture 
Swan and others (19 83) have concluded that two su r fac e faulting 
e ve nts have occurred along the East Cache fault zone east of Logan, 
Ut a h, since Lake Bonneville receded from the Bonneville Shoreline 
betwe en 15,000 and 14,000 years ago. The first event occurred prior 
to 13,500 years before present, had a net vertical tectonic 
displacem e nt of 1.35 me ters, may have been temporally related to the 
c at astrophi c drop from the Bonneville Shoreline to the Provo 
Shoreline, and may have trigger e d the landsliding ~,hich has been 
obse r ved in Bonneville lake se diments at some locations (Figure 6) 
( Swa n and others, 19 8 3). Evidence for this event is a 3 to 3.5 
me t e r- high scarp near the mouth of Logan Canyon (Swan and others, 
19 8 3). The most recent event, which had a net vertical tectonic 
displacement of 1.4 meters, post-dates the recession of the lake 
below the Provo Shoreline (about 13,500 years before present). 
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Extensive burial of the scarp by alluvial fans s 1ggest that this 
event occurred prior to about 6,000 to 8,000 years before present 
(Swan and others, 1983). Swan and others (1983) calculated the 
average recurrence, based on the two events described above, to be 
7,250 plus or minus 250 years. 
The most likely areas for surface fault rupture to occur in the 
future are along areas of previous (prehistoric) fault rupture 
(Christenson, 1983). This study has indicated some areas with 
def i n i te fa u 1 t scarp s. Cluff and others (1974) used aerial 
photographs to map lineaments which may be indicative of zones of 
past surface faulting. It is recommended that construction in these 
areas be proceeded by site-specific trenching studies, and that no 
building be constructed across zones of deformation caused by 
previous surface faulting earthquakes. 
Differential Settlement 
and/or Subsidence 
Hhen the ground shakes and vibrates during an earthquake, 
unconsolidated sediment becomes more compact as the material assumes 
a more dense arrangement by particles moving closer together and 
decreasing the volume (Costa and Baker, 1981). Differential 
settlement can cause severe damage to structures if foundations are 
built across deposits of varying physical properties such as sorting 
and texture (Costa and Baker, 1981). The subsidence and differential 
settlement hazards in the Smithfield quadrangle have not been 
evaluated. Soils and foundation reports may help avoid building 
across deposits of varying physical properties. 
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Liquefaction 
Liquefaction is defined as the transformation of granular 
material from a solid state to a liquid state as a consequence of 
increased pore-water pressures (Youd, T. L., 1973). Liquefaction is 
commonly associated with earthqu a ke shaking. Depending on slope, 
three types of ground failure are commonly associated with 
liquefaction (Anderson and others, 1982): (1) flow landslides (slopes 
steeper than about 5.0 percent), (2) lateral spread landslides 
(slop e s between about 0.5 pe rcent and 5.0 percent), and (3) bearing 
capacity failures (slopes less than about 0.5 per' cent). Hill (1979) 
prepared a liquefaction potential map for Cache Valley, Utah, using 
Hilliam's (1962) geologic map and Bjorklund and McGreevy's (1971) 
depth to ground water map. A muc h more comprehensive study 
concerning liquefaction potential in Cache County is currently being 
condu c ted by the Utah State University Department of Civil and 
Environmental Engineering and should be available in 1987 (Anderson, 
L. R., oral communication, July 16, 1986). This study should permit 
the det e rmination a s to where future site-specific liquefaction 
studi e s should be done for large buildings and critical facilities. 
Earthquake-Generated Mass Movement 
No earthquake-generated mass movement studies have be en completed 
for the Smithfield quadrangle. Those areas which hav e some evidence 
of past landsliding 1vill likely be suceptible to landsliding during 
seismic events. Site-specific studies in these areas should aid in 
avoiding hazards from earthquake-generated mass movements. 
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Section No. 1. 
--------
Location: NW 1/4 NE 1/4 SH 1/4 sec. 25, T. 12 N., R. 1 E., just 
east of the Logan, Hyde Park, and Smithfield Canal. 
Unit 
1. 
2. 
3. 
Description Thickness 
Meters (Feet) 
Soil . . . . . . . . . . . . . . . . . . . . 0.13 
Clay, silt, and fine sand, color- 2.5Y 7/2, 
fairly sharp transition zone, weak cementation 
Qlb4 . . . . . . . . . . . . . . . . . . . 3.45 
Clay, silt, and fine sand, color- light olive-
brown, cyclically bedded with individual bed 
thickness between 2" and 0.1", average thickness 
0.5'', some brown stains along bedding plan e s 
Covered 2. 7 5 
( 0.42) 
( 11.33) 
( 9) 
Total Thickness 6.3 3 (20.75) 
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Section No. 2. 
Location: SE 1/4 SE 1/4 NH 1/4 sec. 25, T. 12 N._. R. 1 E., road 
cut at east end of Aspen Street cul de sac, Logan City. 
Unit 
1. 
2. 
3. 
Description Thickness 
Meters (r>et) 
Soi 1 . . . . . . . . . . . . . . . . 
Clay, silt, and sand, color- lOY 6/2, gradual 
transition, weekly cemented 
0.33 
Qlb4 . . . . . . . . . . . . . . . . . 1.93 
Clay, silt, and fine sand, color- paleyellow, 
cyclically bedded, individual bed thickness 
1.5" to 0.125", rust stains along bedding planes 
Covered 0.82 
(1.09) 
(6.33) 
(2.67) 
Total Thickness 3.08 (10.09) 
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Section No. 3. 
-------
Location: SW 1/4 NE 1/4 NE 1/4 sec. 26, T. 12 N., R. 1 E., 
southern gravel pit, east side of road. 
Unit 
1. 
2. 
3. 
4. 
5. 
6. 
Description Thickness 
Meters ( Feet1 
Soi 1 . . . . . . . . . . . . . . . . . . . . 0.15 
Cobbles to clay, mostly cobbles, color-
l0YR 6/4, gradual transition, moderate to 
well cemented 
Qldto 0bb0 l;s 0 (6°11 ~ 6"0 x 0 4';) ·t; ~a~d· w0 ith 0 s~m·e 
silt and clay, color- light-brown, mostly 
clast supported, subrounded to rounded 
clasts, fair sorting, poor bedding, some 
imbrication, mostly limestone and quartzite 
clasts, limestone clasts predominant 
Ql d3 ........•.......... ,, 
Silt and clay with occasional matrix supported 
pebble, color- brown, matrix mostly clay, 
subrounded clasts, poor sorting, poor bedding, 
limestone and quartzite clasts, appears to be 
filled channel grain size sample 
0.1 
0.1 
Qld3 . . . . . . . . . . . . . . . . . 0.1 
Cobbles (12" x 8" x 611) to medium sand, color-
very pale brown, clast supported, well sorted, 
well bedded, subrounded to rounded clasts, cross-
bedded with some sand lenses, some imbrication, 
weakly cemented 
Qld3 . . . . . . . . . . . . . . . . . . . . 0.46 
Cobbles (8" x 811 x 6") to medium sand, color-
white, clast supported, well sorted, well 
bedded, subrounded to rounded clasts, cross-
bedded with some sand lenses, some imbrication, 
mostly limestone with some quartzite clasts 
Qldtobbl~s 0 {6110 x 0 6';; 4") to 0 m~d0iu0m0 s;nd, 0 mostly 
cobbles, color- white, clast supported, well 
sorted, well bedded, subrounded to rounded 
clasts, cross-bedded, iron stains near bottom, 
lim estone and quartzite clasts 
0.33 
(0.5) 
(0.33) 
( 0.3 3) 
(0.33) 
(1.5) 
( 1.08) 
7. 
8. 
9. 
10. 
11. 
Q 1 d 3 • • • • • • . • • • • • • • • • • • • • Cobbles (6 11 x 5" x 5") to fine sand, color-
very light grey, clast supported, well sorted, 
well bedded, subangular to rounded clasts, 
cross-bedded, iron stains at top and bottom of 
unit, limestone and quartzite clasts 
Qldto 0bb0l;s 0(6°11 ~ 6110 x 0 4':) 0 t~ ~ect/u~ ;a~d·, · 
sand more abundant than in above units, 
color- white, clast supported, well sorted, 
well bedded, subrounded to rounded clasts, 
limestone and quartzite clasts 
0.31 
0.28 
Q l d 3 • • • • • • • • • • • • • • • • • • • . 0.31 
Cobbles (6" x 5" x 5") to fine sand, color-
very light grey, clast supported, well sorted, 
well bedded, subrounded to rounded clasts, 
limestone and quartzite clasts 
Qld3 . . . . . . . . . . . . . . . . . . . . 1.22 
Cobbles (6" x 5" x 4") to clay, mostly cobbles, 
color- light grey, clast supported but 
contains silt and clay lenses (color- yellow) 
about 611 thick, very well sorted, very well 
bedded, subrounded to rounded clasts, limestone 
and quartzite clasts 
Covered 
Total Thickness 
2.18 
5.54 
110 
( 1.0) 
(0.92) 
( 1.0) 
(4.0) 
(7.17) 
(18.16) 
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Section No. 4. 
Location: NE 1/4 SE 1/4 NH 1/4 sec. 24, T. 12 N., R. 1 E., 
western gravel pit beh:een two channels of Green Canyon drainage, 
just west of mouth of Green Canyon. SE corner of gravel pit. 
Unit 
1. 
2. 
3. 
Description Thickness 
Meters ( Feet) 
Qaf 3 (no soil, top modified by man) • . • • 0.59 Cobbles (8" x 6 11 x 4") to clay, silt and clay 
in lenses, color- light grey, clast supported, 
many clasts have clay coatings, clasts 
predominantly cobbles and gravel, fair to 
poor sorting, moderately stratified, mostly 
limestone clasts with lesser amounts of 
quartzite clasts 
Qlb}i~e· s~nd to· cia~: c0ol 00;-·b;o~n: ~e·ll· ~orted, 1.gs 
well stratified, mostly fine silt and clay 
laminae up to 6 11 thick but mostly 0.33" to 0.5" 
thick, some fine sand laminae with average 
thickness 1", iron stains along several bedding 
planes, unit contains one lens of fine gravel to 
cobble size clasts (limestone and quartzite, 
subrounded to rounded) about 4" thick 
Qal 5? . . . . . . . . . . . . . . . . . . . 4.45 Cobbles (11" x 7" x 7") to clay, dominant 
size (1" x 1" x 0.5"), mostly clast supported 
with clay lenses which contain matrix supported 
pebbles, clay coatings on clasts, color- light 
grey, fairly well sorted, well stratified, some 
cross-bedding, some lenses of very clean gravel, 
subangular to subrounded clasts, some 
i mbri cation, mostly 1 i me stone with some 
quartzite clasts 
(1.92) 
(6.5) 
(14 .58 ) 
Total Thickness 7.02 (23) 
112 
Section No. 5. 
Location: NE 1/4 SE 1/4 NW 1/4 sec. 24, T. 12 N., R. 1 E., 
western gravel pit between tvJO channels of Green Canyon drainage, 
just west of mouth of Green Canyon. East side of gravel pit. 
Unit 
1. 
2. 
3. 
Description Thickness 
Meters ( Feet} 
Qaf 3 (no soil, top modified by man} . • • • 0.41 Cobbles (6" x 4" x 6"} to clay, color- light 
grey, mostly clast supported but contains some 
fine-grained lenses (fine sand to clay}, 
clasts ranges from cobbles to medium sand, 
average grain size increases downward, 
moderately well sorted, fair bedding, subangular 
to subrounded clasts, mostly quartzite clasts 
with lesser limestone 
Qlbl1~/ t; ~o~r;e· s~n°d,' c0ol00;-·y~1io~/sh 0 brown, 
well sorted, well stratified, beds about 0.5" 
to 0.33" thick, coarse grey sand lens about 
2" thick near bottom of unit 
Qal 5? .................. . Coarse gravel (2.5" x 2" x 1.5"} to fine sand, 
color- grey, clast supported, poorly bedded, 
subangular to subrounded clasts, mostly 
limestone clasts with some quartzite and chert 
3.48 
1.2 2 
(1.33} 
(11.42} 
( 4} 
4. Qal 5 ? • • • • • • • • • • • • • • • • • • • 4.62 (15.14} Cobbles (8" x 6" x 611 } to clay, color- pale 
brown, mostly clast supported but contains 
some silt and clay lenses, well sorted, well 
bedded, some imbrication, subangular to rounded 
clasts, quartzite and limestone clasts 
Total Thickness 9. 7 3 (31. 89} 
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Section No. 6. 
---- - -
Location: NE 1/4 SE 1/4 NH 1/4 s~c. 24, T. 12 N., R. 1 E., 
western gravel pit between two channels of Green Canyon drainage, 
just west of the mouth of Green Canyon. North side of gravel pit. 
Unit 
1. 
2. 
3. 
4. 
5. 
6. 
Descri;-ition Thickness 
Meters ( Feet) 
Qmf1 (no soi 1, top modified by man) Boulder (31") to clay, color- dark brown, 
matrix supported, size range clasts 31" to 
0.25", silt and clay matrix, poorly sorted, 
no bedding, subrounded to rounded limestone 
and quartzite clasts 
Covered 
Qa f 3 • • • • • • • • • • • • • • • • • • Cobb 1 es ( 6" x 4" x4") to clay, mostly cl ast 
supported with a few fine-grained lenses, 
fair sorting, fair bedding with grain 
size coarsening upward, some imbrication, 
subangular to rounded clasts 
Qlb\/1t. ;nd ~l~y-with ~o~r-se· s·an·d ·to· ~edi~m 
gravel interbeds, color- pale olive, matrix 
supported except in clast supported coarse 
beds, cyclically bedded, well sorted, well 
stratified 
Qal 5 ? ••••••••••••••••••• Cobbles (6" x 2" x 4") to clay, color- yellow-
brown, clast supported with some silt and clay 
lenses, fairly well sorted, good bedding, 
slight imbrication, subangular to rounded 
clasts, mostly quartzite with some limestone 
clasts 
3.51 
2. 31 
1.45 
1.14 
1.4 
Qal 5? . . . . . . . . . . . . . . . . . 0.94 Granules to clay with one pebble, interbedded 
coarse and fine-grained units, color- light 
olive brown, coarse units are clast supported, 
fine-grained units are well sorted and stratified 
(11.5) 
(7.58) 
(4.75) 
(3.75) 
(4.58) 
(3.08) 
Total Thickness 10. 7 5 (35.24) 
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Section No. 7 
Location: S 1/2 NW 1/4 NE 1/4 sec. 24, T. 12 N. R. 1 E., west of 
the mouth of Green Canyon, just north of north channel of Green 
Canyon Creek in south facing wall of eastern Green Canyon gravel pit. 
West end of exposure. 
Unit 
1. 
2. 
3. 
4. 
5. 
6. 
Description Thickness 
Meters ( Feet) 
s O i 1 • • • . . . . • • • • • • • • • • • • . 
Cobbles to clay, color- 10 YR 3/2, clast 
supported but contains abundant fines, poor 
to fair sorting, poor bedding, rounded to 
subangular predominantly quartzite clasts 
0.34 
Qaf 3 . . . . . . . . . . . . . . . . . . . . 0.34 Cobbles to clay, color- very pale brown, clast 
supported but with a lot of fines, poor to fair 
sorting, poor bedding, rounded to subangular 
predominantly quartzite clasts 
Qlb4 . . . . . . . . . . . . . . . . . . . . 1.7 
Clay to coarse sand, mostly clay, color- dark 
yellow brown, very well sorted, cyclically 
bedded, average bed thickness 1.25" 
Qlb4 .. . . . . . • . . . . . . . . . . . . . 1.4 
Clay to very coarse sand, sand in lenses up to 
20" thick, color- very pale brown, well sorted, 
well stratified, contains evidence of soft 
sediment deformation, contains gastropod 
fossils 
Ql bl,~/ t~ ~e·r; ;o;r~e · s~nd,° c~l0or0 - ·v;r; ~ale 0.92 
brown, well sorted, well stratified, cyclically 
bedded, contains a few gastropod fossils 
Covered 
(1.13) 
(1.13) 
( 5.53) 
(4.58) 
( 3) 
Total thickness 
1.07 
5. 77 
( 3.5) 
(18.92) 
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Section No. 8 
Location: S 1/2 NH 1/4 NE 1/4 sec. 24, T. 12 N., R. 1 E., west of 
the mouth of Green Canyon, just north of north channel of Green 
Canyon Creek in south facing wall of eastern Green Canyon gravel pit. 
Center of exposure. 
Unit 
1. 
2. 
3. 
4. 
5. 
6. 
Total 
Description 
Soil • . . . . 
Cobbles to clay, color- lOYR 3/2, clast 
supported, fair sorting, poor stratification, 
rounded to subrounded predominantly quartzite 
clasts 
Qld4 (foreset beds) ••.•.......• Cobbles (6 11 x 611 x 411 ) to silt, color-
yellow, clast supported, well sorted, 
well bedded, dip of foreset beds is about 
26 degrees to west, poorly imbricated, 
rounded to subangular quartzite and 
lime stone cl asts 
Qlbl1~/t~ ~edi~m· s'an'd,' c·o1·0;-·b;o~n.is·h ~e.llow, 
well sorted, well stratified, evidence of 
soft sediment deformation, contains gastropod 
fossils 
Q 1 b 4 • • • • • • • • • • • • • • • • • • • • Clay to medium gravel, gravel in lenses, 
color- brownish yellow, well sorted, well 
stratified in bottom half, evidence of soft 
sediment deformation 
Qlb11~/t~ ~edi~m· s'an'ct,' c·o1·0;-·b;o~n.is·h ·ye.llow, 
well sorted, well stratified, cyclically 
bedded, contains some gastropod fossils 
Covered 
thickness . . . . 
Thickness 
Meters ( Feet) 
0.43 (1.42) 
2.07 ( 6. 79) 
0.29 (0.96) 
1.12 (3.67) 
2.82 (9.25) 
1.53 ( 5) 
8.26 (27.09) 
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Section No. 9 
Location: S 1/2 NW 1/4 NE 1/4 sec. 24, T. 12 N., R. 1 E., west of 
mouth of Green Canyon, just north of north channel of Green Canyon 
Creek in south facing wall of eastern Green Canyon gravel pit. East 
side of exposure. 
Unit 
1. 
2. 
3. 
4. 
5. 
6. 
7. 
Description Thickness 
Meters ( Feet) 
s O i 1 • • • • • • • • • • . • • • . • • • • • 0.36 
Cobbles (4" x 2" x 3") to clay, color- l0Y R 
3/2, clast supported. poor to moderate sorting, 
poor bedding, rounded to subangular quartzite 
and limestone clasts 
Q a f 3 • • • • • • • • • • • • • • • • • • • • Cobbles (4" x 2" x 3") to clay, color-
brownish yellow, clast supported, poor to 
moderate sorting, poorly bedded, rounded 
to subangular quartzite and limestone clasts 
Q l b 4 • • • • • • • • • • • • • • • • • • • • Clay to medium sand, color- dark yellow-
brown, very well sorted, cyclically 
bedded, bed thickness- 211 to 0.25", 
average thickness- 0.5", evidence of 
soft sediment deformation 
Qlb11~/ t; ~o~r;e· s0an°d: c0ol00;-·d;rk ~eil~~-
brown, very well sorted, very well 
stratified, bedding thickness- 1.5" to 
0.25", evidence of soft sediment deformation, 
contains gastropod fossils 
Qlb11~/ t; ~e0di0u~ ~a~d: ~oio~-· d~r"k 0Ye·11·0~-
brown, very well sorted, cyclically bedded, 
evidence of soft sediment deformation, 
contains gastropod fossils 
Q 1 b 4 • • • • • • • • • • • • • • • • • • • • Clay to medium sand, brownish yellow, very 
well sorted, cyclically bedded, bed 
thickness- 0.25" to 2", average thickness-
0.33", some distorted bedding 
Ql b4 • . . 
Silt to very fine sand, color- olive 
yellow, very well sorted, massive bedding 
0.27 
1.03 
2 .01 
0.61 
4.12 
0.45 
(1.17) 
( 0.88) 
(3.3 8 ) 
(6.5 8 ) 
( 2) 
( 13. 5) 
( 1.5) 
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8. Covered . . . . . . . . . . . . . . . . ' . 0.15 (0.5) 
Total thickness . . . . . . . . . . . . . . . . . 9.0 (29.51) 
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Section No. 10 
-----
Location: road cut in SW 1/4 SW 1/4 NW 1/4 sec. 12, T. 12 N., R. 
1 E., just east of Hyde Park on Second South Street. West side 
exposure, just west of faulting (see Section No. 11). 
Unit 
1. 
2. 
3. 
4. 
5. 
6. 
7. 
8. 
Description 
s O i 1 • • • • • • • • 
Coarse gravel to clay, color- lOYR 5/1, 
clast supported, poorly sorted, poorly 
bedded 
Q a f 5 • • • • • • • • • • • • . • • • • • • • 
Coarse gravel to clay, color- light grey, 
clast supported, poorly sorted, poorly 
bedded 
Q a f t1 ~/ t~ f i ~e • s~n·d: ~o i o;-. · 1 i g ht. g·re·y ,' • 
poorly sorted, massive to slightly 
bedded 
Q a f 5 • • • • • • • • • • • • • • • • • • 
Coarse gravel to clay, color- light grey, 
clast supported, poorly sorted, poorly 
bedded 
Q a f 5 • • • • • • • • • • • • • • • • • • • • 
Clay to fine sand, color- light grey, 
poorly sorted, massive to slightly 
bedded 
Q a f 5 • . • • • • • • • • • . • • • • • • Coarse gravel to clay, color- light grey, 
clast supported, poorly sorted, poorly 
bedded 
Q a f 5 • • • • • • • • • • • • • • . • • • • • 
Clay to fine sand, color- light grey, 
poorly sorted, slightly bedded 
Covered 
Total thickness 
Thickness 
Meters ( Feet) 
0.10 (0.33) 
0.56 (1.83) 
0.56 ( 1.83) 
.08 (0.25) 
0.33 (1.08) 
.08 (0.25) 
0.99 (3.25) 
2 .13 ( 7 .0) 
4.83 ( 15.82) 
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Sec ti on No. 11 
Location: road cut in SW 1/4 SW 1/4 NH 1/4 sec. 12, T. 12 N., R. 
1 E., just east of Hyde Park on Second South Street. Hest center of 
exposure, through fault zone. 
Unit 
1. 
2. 
3. 
4. 
5. 
6. 
7. 
8. 
Total 
:)escri ption 
s O i 1 • • • • • • • • 
Coarse gravel to clay, color- lOYR 5/1, 
clast supported, poorly bedded, poorly 
sorted 
Qaft1~/ t~ fi~e· s~nd: ;o;o;-·light. g·re·y: · 
poorly sorted, massive to slightly 
bedded, contains Caco3 nodules 
Q a f 5 • • • • • • • • • • • • . • • • • • • • Coarse gravel to clay, color- light grey, 
clast supported, poorly sorted, poorly 
bedded 
Q a f 5 • • • • • • • • • • • • • • • • • • • • Clay to fine sand, color- light grey, 
poorly sorted, massive to slightly 
bedded 
Fault zone ••.• 
Contains Caco3 
Q a f 5 • • • • • • • • • • • • • • • • • • • • Clay to fine sand, color- light grey, 
poorly sorted, massive to slightly 
bedded 
Qa f 5 . . . . . • . . . . . . . . . . . . Coarse gravel to clay, color- light grey, 
clast supported, poorly sorted, poorly 
bedded 
Covered . . . . . . . . 
thickness . . . . . 
Thickness 
Meters ( Feet) 
0.08 ( 0.2 5) 
1.58 ( 5.17) 
0.36 (1.17) 
0.43 (1.42) 
0.03 ( 0.10) 
o. 76 ( 2. 5) 
0.05 (0.17) 
2.44 ( 8) 
5. 7 3 (18.77) 
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Sec ti on No. 12 
Location: Landfil 1 in NE 1/4 SI~ 1/4 NE 1/ -1-sec. 11, T. 12 N., R. 
1 E., in Hyde Park. East side just south of north east trending 
road. 
Unit 
1. 
2. 
3. 
4. 
5. 
6. 
7. 
Description Eickness 
Meters ( Feet) 
s O i 1 • • • • • • • • • • • • • • • • • • • • 
Mostly silt and clay, contains zones of 
granules and a few pebbles (up to 1.5" x 
0.5" x 1"), color- 7.5YR 5/2, matrix 
supported, poorly sorted, very poorly 
bedded 
Qld 3? (overbank deposits?) •.•.•••.• Mostly silt and clay, contains some floating 
pebbles (up to 1.5" x 0.5" x 1"), color-
light brown, matrix supported, poorly 
sorted, very poorly bedded 
Qld 3? (overbank deposits?) •••••.•.• Mostly silt and clay, contains floating 
pebbles, color- brown, matrix supported, 
poorly sorted, very poorly bedded 
Qld 3? (overbank deposits?) •••••••.. Mostly silt and clay, contains some floating 
pebbles, color- light brown, matrix suppoted, 
poorly sorted, very poorly bedded 
Qld 3? (overbank deposits?) .•••..•.. Mostly silt and clay, contains floating 
pebbles, color- brown, matrix supported, 
poorly sorted, very poorly bedded 
Qld 3? (overbank deposits?) •.•••.... Mostly silt and clay, contains some floating 
pebbles, color- light brown, matrix supported, 
poorly sorted, very poorly bedded 
Q 1 d 3 • • • • • • • • • • • • • • • • • • • • Coarse gravel (2" x 1.5" x 1") to silt with 
some clay, color- pink, clast supported, 
well sorted, well bedded, well imbricated, 
subangular to rounded limestone and 
quartzite clasts 
0.10 ( 0. 3 3) 
0.31 ( 1) 
• 
0.20 (0.67) 
0.20 (0.67) 
0.25 ( 0.83) 
0.84 (2.75) 
0.71 (2.33) 
8. 
9. 
10. 
Qld3 . . . . . . . . . . . . . . . . . . . . 0.38 
Coarse gravel (2" x 1" x 1") to fine sand, 
sand in lenses, very little silt and clay, 
color- white, clast supported, well sorted, 
well bedded, coarsens downward, subangular 
to subrounded limestone and quartzite clasts, 
abundant gastropod fossils near top of unit 
Qlb4.................... 0.61 
Clay to medium sand, color- yellowish brown, 
very well sorted, cyclically bedded, contains 
gastropod fossils 
Covered 1.81 
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(1.25) 
( 2) 
(5.92) 
Total thickn e ss 5.41 (17.75) 
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Section No. 13 
------
Location: North facing exposure in SE 1/4 SW 1/4 NW 1/4 sec. 36, 
T. 13 N., R. 1 E., souti 1 of mouth of Dry Canyon, east of Long Hi 11. 
Unit 
1. 
2. 
.3. 
4. 
Description 
s O i 1 • . . • • . • . • • . • • • . . 
Mostly clay with some silt, color- 7.5YR 
5/2, well sorted, no bedding 
Qmcl ••• e e •••••••••••• 
Mostly cl1y with some silt, color- very 
pale brown, well sorted, no bedding 
Q m C 1 . . . . . . . . . . . . . . . . . . 
Mostly clay with some silt, color- dark 
brown, well sorted, no bedding 
Covered 
Total thickness 
Thickness 
Meters ( Feet) 
0.48 
0.36 
0.84 
0.63 
2.31 
( 1. 58) 
(1.17) 
( 2. 7 5) 
( 2 .08) 
( 7 .58) 
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Section No. 14 
Location: Gravel pit exposure in SW 1/4 SW 1/4 NW 1/4 sec. 36, T. 
13 N., R. 1 E., just south of the mouth of Dry Canyon. 
Unit 
1. 
2. 
3. 
Description 
s O i 1 • • • • • • • • 
Cobbles (3" x 2" x 1") to coarse sand, 
color- l0YR 5/3, clast supported, very 
wel 1 sorted, very wel 1 bedded, subangul ar 
to rounded mostly limestone with some 
quartzite clasts 
Qlslobb 0l;s 0(3°11 ~ 2110 x0 l ;1 ) 0 t~ ~o·a;s~ ;a 0nd0 , • 
color- yellow brown, clast supported, very 
well sorted, very well bedded, well 
imbricated, subangular to rounded mostly 
limestone with some quartzite clasts 
Covered 
Tot al thickness 
Thickness 
Meters ( Feet) 
0.02 
2.0 8 
3.05 
5.15 
( 0.08) 
( 6.83) 
( 10) 
(16.91) 
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Sec ti on No. 15 
-----
Location: Exposure in Dry Canyon Creek drainage in SE 1/4 NE 1/4 
NE 1/4 sec. 35, T. 13 N., R. 1 E., about three hundred yards west of 
the canyon mouth. 
Unit 
1. 
2. 
3. 
4. 
5. 
6. 
Description Thickness 
Meters (Feet) 
s O i 1 • • • • • • • • • • • • • • • • • • • • 
Cobbles (3.5" x 3" x 1") to clay, color-
l0YR 5/2, matrix supported, poorly sorted, 
poorly bedded, subangular to subrounded 
limestone and quartzite clasts 
Qafto~r;e·g~a~ei to 0 c·la0y: ;oio~-·p.in.ki 0sh ~rey, 
clast supported but contains abundant fines, 
poorly sorted, poor bedding, subangular to 
subrounded limestone and quartzite clasts 
Qafto~r 0se· gr;v;l·t; ~1~/, 0m~stly ;;it'a~ct"clay, 
color- brown, matrix supported, poor sorting, 
very poor bedding, contains floating limestone 
and quartzite clasts 
Qa f to~ r ~e · g~a~e i to· c·l a0y ,' ;o ~ti/ g0ra.ve·1 ,' · 
color- light brownish grey, clast 
supported, fair sorting, fair bedding, 
some imbrication, subangular to subrounded 
limestone and quartzite clasts 
Qaft:o~r;e· g~a~ei to· c·la0y,' ~o~ti/ silt and 
clay, color- brown, matrix supported, 
poorly sorted, poor bedding, contains 
floating limestone and quartzite clasts 
0.18 
0.41 
0.15 
0.41 
0.45 
Qafto~r"se· gr~v;l · t; ~1~/, ·m~stly ~r;v;l: · 0.15 
color- light brownish grey, clast supported, 
fair sorting, fair bedding, some imbrication, 
subangular to subrounded limestone and 
quartzite cl asts 
(0.58) 
( 1.3 3) 
(0.5) 
(1.33) 
( 1.5) 
(0.5) 
Total thickness 1. 75 (5.74) 
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Section No. 16 
-----
Location: Exposure in south side of landslide in NW 1/4 SW 1/4 SW 
1/4 sec. 25, T. 13 N., R. 1 E. 
Unit 
1. 
2. 
3. 
4. 
5. 
6. 
7. 
8. 
Description 
s O i 1 • • • • • • • • • • • • • • • • 
Silt and clay, color- l0YR 4/3, well 
sorted, poor bedding 
Qmsiobb 0l e0s 0(6~1 ~ 4110 x' 4;') • t~ ~l·a;, ·c~l ~r·- · 
very pale brown, clast supported, fairly 
well sorted, poor bedding, subangular to 
subrounded mostly limestone with some 
quartzite clasts 
Qmsio~lde 0r 0(6~' ~ i4;, ~ i5; 1 ) 0 of Te~ti~r~ Sa0lt 
Lake Formation fanglomerate to clay, 
color- very pale brown, clast supported, 
fair sorting, poor bedding, subangular 
to subrounded limestone and quartzite 
clasts 
Covered 
Total thickness 
Thickness 
Meters ( Feet) 
0.1 
2.49 
0.41 
0.41 
1.01 
0.51 
1. 78 
2.44 
9 .15 
(0.33) 
(8.17) 
( 1.33) 
(1.33) 
( 3.33) 
(1.67) 
( 5.83) 
( 8) 
(29.99) 
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Sec ti on No. 17 
Location: Exposure in east wall of gravel pit in NE 1/4 NE 1/4 NW 
1/'1. sec. 25, T. 13 N., R. 1 E., between Smithfield Canyon and Birch 
Canyon. 
Unit 
1. 
Description 
Qld 3 (soil has been removed by man) Cobbles (6 11 x 6 11 x 4") to coarse sand, 
color- brownish grey, clast supported, 
well sorted, well bedded, subangular 
to rounded lim e stone and quartzite clasts 
Tot a l Thickness 
Thichness 
Meters ( Feet) 
10.4 (34.0 8 ) 
10.4 (34.0 8 ) 
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Sec ti on No. 18 
-----
Location: Road cut in SW 1/4 NE 1/4 SW 1/4 sec. 13, T. 13 N., R. 
1 E., north-facing exposure on south side of Smithfield Canyon road. 
Unit 
1. 
2. 
3. 
4. 
5. 
6. 
Description 
SO i l • . • . • • . . . • • . • . . • • • 
Fine sand to clay, color- l0YR 3/4, 
well sorted, well bedded 
Qat4 (overbank deposits) •.••• Fi n e s a n d to c l a y, co l or- 2 . 5 Y R 6 / 6 , we 11 
sorted, well bedded 
Qat1obbie~ to 0 fin~ 0sa0nd0 , ·c~l~r~ paie' b~o·w~. 
clast supported, well sorted, well bedded, 
some imbrication, subrounded to rounded 
mostly limestone with some quartzite clasts 
Qat4 (overbank deposits) •• Fine sand to clay, color- 2.5YR 6/6, well 
sorted, well bedded 
Qat1obbie~ t:0° fi~e ·s~nd, • c~l~r-_ 0pa·1~ br~w~. 
clast supported, well sorted, well bedded, 
some imbrication, subangular to rounded 
mostly limestone with some quartzite clasts 
Covered 
Total thickness 
Thickness 
k >ter s ( Feet) 
0.46 
0.31 
2 .03 
0.25 
4.58 
2.59 
10 .22 
( 1.5) 
( 1) 
( 6.67) 
(0.83) 
( 15) 
( 8.5) 
( 33.5) 
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Section No. 19 
------
Location: Exposure in ravine in SE 1/4 NI~ 1/4 SW 1/4 sec. 14, T. 
13 N., R. 1 E. 
Unit 
1. 
2. 
Description 
SO i l • • • • • • . • • • • • • • • . 
Silt and clay, color- lOYR 4/2, well 
sorted, well bedded 
Q 
1 
b l1 ~/ t; f i ~e • s~nd: c001·0;- ·white: ~e~/ • 
well sorted, cyclically bedded, sand beds 
up to 1/2" thick, silt and clay beds 
up to 1" thick, beds slightly wavy 
Total thickness 
Thickness 
Meters ( Feet) 
0.58 ( 1.92) 
4.3 ( 14.08) 
4.89 ( 16) 
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Appendix B. Sieve Data Histograms 
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Explanation of Sieve Data Histograms 
The following histograms show plots of weight% sample versus 
size of constituents (phi). Grain size was determined for each 
genetic category of map unit. Samples were analyzed by sieving at 
half-phi intervals from -1.0 phi to 4.0 phi, and by pipette analysis 
at half-phi intervals from 4.0 phi to 6.0 phi, and at one-phi 
intervals from 6.0 phi to 8.0 phi. On the histograms (Figures 26 to 
37), 8 phi represents grain sizes of 8 phi and greater (smaller 
particle sizes), and -1 phi represents grain sizes of -1 phi and 
smaller (larger particle sizes). 
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EXPLANATION 
ca= caliche bo= boulders cg= c;onglomerate co=cC'Obles gr==gravel so=sand si= si lt cl'= clciy 
Qlb:,= BonneYille Lake Cycle off shore si lt s and cloys. , T5l = Tertiary Soll Lake Format i on, undifferentiated . 
A - inferre d to be pre- Lake Bonneville alhJVium. B-inferre d to be pre-Lake Bonneville lacustrine sli diments. 
For eiplonation of surficial units, r efer le Rate 1. 
C,C'- refers to cross-section. 9- water-~ell number for cross-sec tion ,re fer to Plate I . 
- - - , in fer red corrtoct. 
Nori zontal.scale= l:24POO, 
Ver t ica l e,:ag~erotion = 20 X. 
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